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AUTHOE'S PREFACE. 



In this introduction I have endeavored to supply the 
student with whatever may be of service in assisting him 
to a clear comprehension of chemical processes. I have 
not restricted myself, therefore, to a mere expression of 
the reactions by equations, but have preceded these with 
the shortest possible presentation of the most important 
considerations which form the foundation of our present 
theoretical views. 

I have chosen the rational formulas for the equations in 

order to give to the student a definite nucleus around which 

to cluster his ideas of the recondite changes which occur in 

chemical reactions. 

Db. E. Dbechsel. 
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TRANSLATOE'S PREFACE. 



I WAS led to translate this elementary treatise upon 
chemical reactions by the belief that it would be a con- 
venient auxiliary to studies within the limits of elementary 
general chemistry and elementary qualitative analysis. This 
opinion was founded upon my own use of the book and 
upon that of fellow-students. 

In translating I have endeavored to represent the origi- 
nal text of the author truthfully, but upon this subject I 
would call attention to the following points : 

1) Everything pertaining to chemical terminology, in its 
widest sense, I have regarded as matter not for strict 
translation, but which should be rendered in the most 
advanced scientific terminology adopted in our own coun- 
try at the present time ; so that I have taken the greatest 
liberties in this respect. 

2) All insertions in the text which are inclosed in brack- 
ets, [ ], are interpolations made by the translator. 

3) The translator alone is responsible for all of the foot- 
notes, the prefatory note of explanation and for the table 

of contents. 
The book was originally published by the firm of Johann 

Ambrosius Barth, at Leipsic, bearing the title: ^'Leitfadcn 

in das Studium der chemischen Eeactionen." 

. N. F. M. 
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EXPLANATOEY NOTES. 



Since this book may fall into the hands of some 
who are not familiar with its system of formulas, 
these few explanations are made in order that no 
doubt may occur to such concerning the indicated 
structure of the compounds considered. These ex- 
planatory remarks should be read in connection 
with pages 8-15 of the text. 

Roman numerals at the right of a letter, or group 
of letters (in these remarks the words letter and 
letter-group are used for the represented atom and 
atom-group^ indicate the valence of the atom, or 
atom-group thus represented ; in this work, unival- 
ence and bivalence are indicated by marks like 
minute and second marks, respectively. If such 
valence marks apply to an atom-group, the atom- 
group is placed in a parenthesis : C^"" indicates one 

Ir 

/FeA 
atom of quadrivalent carbon ; but || indicates 

\Fe*7 

a quadrivalent atom-group made up of two atoms of 
quadrivalent iron connected together by two valence 
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units of each atom ; therefore, four valences remain 
for the atom-group as a whole. 

A large Arabic numeral at the left of a formula 
aflfects the whole of such formula without regard to 
the points occurring between certain letters and 
letter-groups, excepting in the few cases of some 
double salts and other molecular additions (see p. 
66) ; in these exceptional cases, such a numeral 
affects the formula, commencing with^ the letter fol- 
lowing the numeral, only as far as to the next point : 
8 N 0,.0.H means 8 (NO,.O.H) ; but 4 Fe Cy^ . 3 Fe Cy, 
(p. 137) means four times the group Fe Cy, combined 
with three times the group Fe Cy,. 

The points occurring serve to indicate the sup- 
posed grouping of the atoms in the given molecule, 
and in all cases, excepting the few cases of "mole- 
cular addition" (p. 66), they also indicate, taken in 
connection with the valence marks, the arrangement 
of the atoms and atom-groups. Let us consider this 
more closely : a point occurring between two single 
letters indicates that two such letters are joined 
together, thus : H.O.H means H to O and O to next 
H ; but a point occurring between a single letter and 
a group of letters means that the single letter is con- 
nected to the group ; to which particular letter of 
that group is rendered evident by the valence of the 
atoms, thus : C^''0".0" does not mean that the two 
O's are directly joined together, but indirectly 
through the mediation of the atom of C, as follows : 

CZ Q i^i which the bars indicate connection based 

upon valence units, we might say : valence connec- 
tions. The same regard to the valence of the atoms 



EXPLANATOET NOTES. ITll 

will render plain the indicated connections when a 

point occurs between two polyatomic groups, or 

when a formula is divided into several such groups, 

/H 
C— H 
I \H 
thus : C''H',.CO'.0''H' means It is evident 

6=0 



i-: 



H 

that such formulas may become inconvenient in a 
book specially intended to be comprised within as 
narrow confines as possible, and that they may be 
rendered wholly unnecessary by such simple devices 
as those adopted in this book and so often elsewhere. 
But the student may find still other instances 
wherein there seems ^ to lurk some ambiguity. 
For instance, in a formula like the following: 
N^O^.O^H', evidently H is connected to O and this 
O to the group NO^, either to one of the O' s of the 
Oa or else to the N ; but further, how are the O 
atoms of the group NOa arranged ? Are they con- 
nected directly with each other or only indirectly 
through the mediation of the N ? Here again the 
valences settle the question. It is seen that N has 
five valence units to be satisfied ; if we were to write : 
N— O— O— O— H, four valences of N would be left 

unsatisfied ; also if we write : I \0 we have two 

0-H 

* This structure formula for nitric acid is advocated by some 
writers. Its adoption involves the tervalence of the nitrogen atom. 
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valences of N unsatisfied; the same is true if we 
write : N~Q__Qg- Finally It is plain that the 
only structure which satisfies the conditions is : 

=0 
O 
OH 



^=0 



It should be remembered by the beginner that in 
every such case of connection between two atoms 
as the following: H— H, the bar represents one 
satisfied valence unit for each atom. 

One more device remains to be noticed, — the 

brace ] . The single brace does not indicate that 

the atoms or atom-groups which it ties are directly 
connected with each other, but indirectly through 
direct connection with the atom or atom-group out- 
side of it (this when no point intervenes between 
brace and atom or atom-group outside of it) ; thus : 

S^^O, I Q g (page 47) means SO, . In the case 

\0H 
of a double brace, each part of it is to be similarly 

interpreted : Ca'' \ q \ SO, (page 109) means 
Ca SO3. The double brace is sometimes em- 

\o/ 

ployed as common parenthesis or bracket (p*^ 102), 
where its sense is evident. 

Whenever connecting bars are employed, they not 
only represent connections depending upon valence. 
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as do all of the devices above considered, but they 
indicate by their number the number of valence 
units so satisfied ; in this respect they perform more 
than the points, unless, as is frequently done, points 
be used exactly as bars are used, in which case they 
also indicate by their number, directly, the number 
of valence units which they represent (see note, p. 
99). Thus, in Ca'^.O and Ca=0, both the point in 
the one, . and the two bars in the other, formula in- 
dicate a connection based upon valence, but the 
point expresses the matter less completely than the 
two bars, since the latter show Tiaw many valences 
(two of each atom) are satisfied ; in the form Ca^.O 
it really requires the point and the valence marks to 
do as much. Valence numerals are customarily 
omitted, in this book in many cases, where f amilarity 
renders their insertion superfluous. likewise the 
point is often omitted in familiar connections within 
familiar groups, as in OH for O.H ; so in NO,. OH 
for NO,. O.H, etc. It is believed that the foregoing 
remarks, together with the following examples taken 
from the text, will make the system adopted in the 
book perfectly intelligible to the beginner, even for 
cases which it did not seem necessary to notice 
specially : 

<^^^= II /CI 
Fe'-\ IS} SO. FeC^g^zg 
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MOLECULE ; ATOM.— REACTIONS. 

WiiKK we divide a (^ompoinid substance me- 
ciianically we always obtain only smaller jmrts of 
the same substance, possessing the same compo- 
sition and all of the same proi)ei'ties which <'harac- 
terized the original compound. AVe can conceive 
of continuing this process of division until a limit 
is reached, beyond which, were further division to 
be made, we should not obtain parts of the same 
kind. This division, however, cannot be accom- 
plished by mechanical means, but cmly by chemical 
agency. For example, if we pulverize mercuric 
oxide as finely as it is possible for us to do, we 
shall still see under the microscope only distinct 
< giiiins, all jjf a kind. If, on the ccmtrary, we heat 
the same substance sufficiently, we observe that the 
mercuric oxide suddenly varislK^-?, and that in its 
place two substances appear — mercury and oxygen. 
Consequently the mercuric oxide, (^acli smallest part 
of it, must have resolved itself into these two sub- 
stances, w^hich, therefore, must Lave been contained 
in each of those smallest parts of the substance de- 
signated mercuric oxide. These smallest mass-parts 
\vhi<.'h cannot be further mechanically divided but 
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only chemically, and which then separate into un- 
like parts, are named molecules (or physical atoms), 
while their component parts are called atoms (chem- 
ical) when these are single, and atom-groups or 
radicals (compound) when they are again com- 
pounded. The simple atoms are not further divisi- 
ble either by chemical or mechanical means. Cer- 
tain facts compel us to assume that the smallest 
mass-parts, or molecules, also of simple bodies, 
Le,^ of such bodies as cannot by any means be 
separated into unlike components, consist in most 
cases of at least two atoms which are alike in- 
ter se,^ 

It is clear that the customary delinition of mole- 
cule as the smallest quantity of a substance which 
is capable of existence in the free state accords fully 
with that given above, the mode of its deduction 
simply being somewhat different. 

It is these molecules among w^hicli, and through 
the reciprocal workings of which, the phenomena are 
produced whi(»h we call chemical processes, or in 
general, reactions. If we investigate the composi- 



* The molecules of cadmium and mercury in the stale of vapor are 
regarded as consisting of only one atom. In the case of mercur}', 
special evidence in supi)ort of this view has heen adduced from the 
determination of the velocity of sound in mercury vapor, indicating 
that there is no intramolecular motion, and hence the molecules do 
not consist of several smaller parts (atoms) free to move ahout each 
other. (Pogg. Ann., 1876, Bd. 157, S. 353.) 

The vapor densities of arsenic and phosi)liorus indicate four 
atoms to the molecule, while sulphur at a temperature above 800° C. 
appears to possess two, and at about 500'' V, six, atoms to the mole- 
cule. 
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tion of those molecules which were present before 
the advent of a chemical reaction, as well as of 
those newly fonned molecules found to be present 
after its completion ; and if we compare, further, 
the results thus obtained, we shall iind that the 
chemical process, the reaction, between the unlike 
molecules consists simply herein : that the atoms, 
atom-groups or nidicals which ccmstitute the mole- 
cules separate from each other and then reunite, 
fonning new, differently constituted molecules ; and 
further, that the sum of all of the atcmis which take 
part in the reaction is unchangetl hereby, while the 
sum of the mole(*ules before the reaction may be 
different from that after. Accordinir to the changes 
in the compositicm of the molecules present brought 
about by the reaction, the following distinctions 
among chemical processes may be made : 

1) Double or recijyrocal (hvompofiitUnu mutiuil 
exchange of two atcmis or atom-groups : under this 
head belong such reactions as the following : 

KCl + XO,,.O.Ag = AgCl + NO.. O.K. 

PotaRsium Silver Silver Potassium 

chloride. nitrate. chloride. nitrate. 



so, I Q jj^ +Ba"Cl, = SO, I g [ Ba' + 2NaCl 

Sodium Barium Barium So<lium 

sulphate. chloride. sulphate. chloride. 



so, j % \ NF + 2K.0.H = Ni" I Q H + SO, -j ^\ 

Nickel Potassium Nickel Potassium 

sulphate. liydruxidc. liydruxide. Kulphate. 
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Hei-e should be classed also dii-ect combinationsi 
<jf two elements, processes which may be repre- 
sented as simple additions and which were formerly 
i-egaixled as such : 



H. 



CL = 2HC1* 



Hyclrofren. 


Chlorine. 


Chlorliydric 
acid. 


K, -t 


- •. = 


2KT 


Potassium. 


Iodine. 


PotaKsium 
i(Klide. 



2) !<if/tple addition^ direct union of two or more 
molecules forming a single one : 



PCi 

trichloride. 



'3 

Phosphonis 



+ CL = PCI, 

Chloriije. Phosphorus 
l>entaehloride. 



CO + CI, = CO.C], 



Carbon 
monoxide. 



Carbon oxyehloride 
(Phosgene f^as). 



Nil, + HBr = NH,Br 

Ammonia. Bromhydric acid Ammonium 

(Hydrogen bi*omide). bromide. 



NH, + NO,.O.H 

Nitric acid. 



NO,.O.NH, 

Ammonium nitrate. 



3) Addition arrontpanied by the hreaJiiiu/ up of 
one or ViO re molecules ; here ])eiong some oxidation 
processes and direct unions ; the number of mole- 



* Thus : II. n + C\.C\ = H. CI + H.Cl. 
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rules present after the reaction is smaller than be- 
fore it.* 

Te^^XCl, /Fe'^'\Cl.+ 

Ferrous cnloride. Chlorine. Ferric chloride. 

P, + 61, = 41M, 

Phosphorus. Io<line. Phos^ihonis 

tri-iodide. 

4) Simple resohdion of one or nwre molecules 
hiio two. 07* sef^ef^al molecvleH : 



PCI, = PCI3 + CL 

biosphorus Phosphoruf 

pentachloride. trichloride 



Phosphorus Phosphorus Chlorine. 

m< ■ 



2H.0.0.H = 2H,0 + O., 

Hydric oxide Water Oxj-gen. 

(Hydrogen peroxide). (Hydrous oxide). 

2Ag,0 = 2Ag, + O, 

Argentic oxide. Silver. Oxygen. 



* This really includes the preceding case 2), since in the examples 
falling under it one of the combining molecules is broken up, and the 
number of molecules after the reaction is less than before it: 

rci 

iCl 
PCls + Cla = PCU means : P •] CI + CI. CI = P 



CI 
•s v^i -t- \^i.\^i = JT A CI; i.e.y the chlorine 
(Cl CI 

Ici 

molecule is sundered, etc. 

t Such reactions as this one are often, and not improperly, written 
in the simplest stoichiometric proportions, thus: FeCl2+Cl=FcCl3; 
only we should remember that this latter form does not express 
molecular weights. But when for the ferric chloride the molecular 
weight of the vapor, Fe^Cle, is written, FcaCU should be \NTitten for 
the ferrous chloride. Strangely enough this point is not always ob- 
served and the inconsequence is a vicious one, since the simultaneous 
emplo3rment of the formulas FcaCle and FeCla would indicate that, 
by the conversion of the ferric into the ferrous chloride, a funda» 
mental breaking up of the molecule occurs, while in reality, at the 
most, the reverse is true. (See Lothar Meyer, " D\^ 'Vlci^<5rc\g:^'^V^^- 
rjeii der Chemie," 3tc Aufl. S. 231.) 







DUKCIISKI. S 1NTI:OI>[(TION. 



2C10,.0.K ---: 2Kri + 30, 

Potaflfdum Potassium 

ohlorid*'. 



chlomte. 

Fe'V '/Of ' 

FeiTous Kiilphati*. 



fv^a'o" 

lo " + so,.o + so. 

Ferric oxide. Sulpliuric Sulphurous 

anhydHde. anhydride. 

Here l)e]oii<^s also the case of the iiniuediate de- 
composition of a molecMile issuing from a reaction 
))y (loul)le decomposition : 

CO .;;!;g;; + 2HCi = 2XaCi+ CO ;;>;§ = 

Sodium C'hlorliydric Sodium 

carbonate. acid. chloride. 

2NaCl + H,() + C().0t 

Water. Carbonic 
anh3'dride. 



* It may be noticed that this is not the formula usually written for 
ferrous sulphate, FeS04, but its double. If, however, molecular 
weights are to be represented, and if, for iron compounds, we wish 
to write formulas which shall not be inconsequential (see note on 
page 5), we should assume for ferrous sulphate a mol. wt at least as 
large as FcaSaOs if we write FcaCli, FeaCU, etc. Thus . 

vl iv 



/Fe»A=-=Cl3 /Fe'A=rie 

\FeiVEECl:. ''^"^ \Fe-/=CL, ' 



but not FeCls 



and. correspondingly : 

vi 



iv 



(Fe»A=0 /FeiA=() 

I 1=0 and I II I 
Fe»V=<> \Fe''^/=0 



but not FeO; 



and hence: 



Tc'- \ Z o !" ^^' 



-O) 



.Fe» 



— 0\ 



SO., and 






-O) 



, not FeSO* 



SO. 



^Fe'^ / —0 \ 

j In ^general, the combination of two groups of OH (hydroxyl) to 
one* ami the fiiime carbon atom is mamtaiued wvlU dvfRculty. 
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There are still othei* reactions which appear to be 
somewhat peculiar, as the exi)ulsion of one element 
from its position by another, or substitiiticm ; upon 
closer inspection, however, it is found either that 
such reactions are simply cases of mutual exchange : 

NO,.O.K + SO, I g^ = NO,.O.H + SO, ] g§ 

Potassium Sulphuric Nitric Acid potassium 

nitrate. acid. add. sulphate. 

CH,.0O.O.H + CI, = C j ^f [ .CO.O.H + HCl 

Acetic add. Chlorine. Monochloracetic Chlorhydric 



lyoj 
id. 



acid. oc 



or, as it is customarily expressed, that they take 
place in two stages, i.e., the molecules formed by 
the first reaction immediately enter into a new re- 
action, and hence not these molecules but the pro- 
ducts of this second reaction first become percepti- 
ble to us. For instance, the expulsion of iodine by 
chlorine : 

I. KI -f CI, = KCl + ClI. 

Potassium Chlorine. Potassium Chlorine 
iodide. chloride. iodide. 

II. KI + ClI = KCl + I, 
or: 2KI + CI, = 2KC1 + I, 

The instance, cited above, of the decomposition of 
sodium carbonate by chlorhydric acid belongs here, 
inasmuch as the carbonic acid [dibasic carbonic 
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acid], separated at tirst, imniediately decomposed 
into water and carbonic anhydride. 



VALENCE OF THE ATOMS. 

The smaller parts into which we divide the mole- 
cule by chemical a<i:ency aie either sim])le, so-called 
elementary, atoms ; or radicals, that is to say, gi'oups 
of atoms. In the following discussion we shall first 
ccmsider the fonner kind. Since we cannot further 
decompose these atoms, either by mechanical, phy- 
sical or chemical means, we must assume that these 
atoms as su(»h, as totalities, as integers, enter into 
chemical combinations and ccmtinne to exist in 
these. Tt follows from this that the weight of a 
molecule is equal to the sum of the weights of the 
atoms constituting it ; and further, that these atoms 
combine among themselves in quantities which rep- 
resent nvultiples, in whole numbers, of the weights 
of the indi^'idual atoms themselves. This is nothing 
else than the law of multiple proportions. If we 
know that a molecule M consists of a atoms of an 
element A, and 6 atoms of an element B, and if, 
further, the weights of each atom of A and of B 
refeiTed to the same unit are related to each other 
as p : p', then is the weight P of the molecule M : — 
P = ap + ?>p' ; if then c atoms of the element C of 
an atomic weight p" enter into the combination, we 
have: 

P' = ap + 6p' -f cp'', etc. 
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We do not know the cause of the combination of 
two atoms with each other ; in order to explain the 
matter to ourselves plausibly we assume a peculiai* 
power of attraction, chemical affinity, which is at 
work between the atoms and binds them together 
into molecules. The nature and workin<r method 
of this force are wholly unknown to us. For our 
purj30se it is quite sufficient to acquaint ourselves 
with a single projDerty of this force which is re- 
vealed by a comparison of the composition of dif- 
ferent molecules. We find that the atoms of two 
elements, for the most ])t\rt, can unite with each 
other not only in one single jiroportion but in 
several. For example, tin and cldorine fonn both 
the compounds stannous chloride and stannic chlo- 
ride by the union of 

1 at. tin + 2 at. chlorine = 1 mol. stannous chlo- 
ride. * 

and, 

1 at. tin + 4 at. chlorine = 1 mol. stannic chloride. 

A number of other elements behave similarly ; for 
instance, iron, copper, jolatinum, etc.; one atom of 
each of these substances can unit(^ with chlorine in 
more than one proportion, an assiimpti<m the correct- 
ness of which is proved by the existence of two or 
more compounds of the same metal with chlorine. 
There are substances, however, whose atoms can 
combine in only one proportion with each other. If 

* See note, page 12. 
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we choose as unity the chemical atom-fixing power 
of an atom which is not in condition to bind more 
than one atom of any otlier element, and refer to this 
standard the amount of (»,hemical atom-fixing power 
of any other atom, we o]>tain its atom-fixing power 
or tolence exi)ressed in such units. As such unit or 
standard the valence of hydrogen has been selected. 
Further, if we com] )a re the corresponding combi- 
nations of one and the same multivalent atom (that 
is to say, combinations in all of which the atom 
considered exerts the same atom-fixing power or 
vdhnice) with other atoms of any other valence, we 
a(*quaint ourselves with the quantities of these last 
atoms which, among each other, possess equal chemi- 
cal atom-fixing iM)wers and are, therefore, equiva- 
lent. Thus, the follo\ving comi)ounds of the metal 
cadmium are known : 

CMO CdS CdCl, CdBr, Cdl« 

Cadmium Cadmium Cadmium Cadmium Cadmium 

oxide. sulphide. chloride. bromide. iodide. 

In all of these compounds cadmium appears with 
the same valence ; each comi)ound may be converted 
into the other by double decomposition ; they cor- 
respond to one anothei* i)erfectly ; hence, we con- 
clude that the quantities of oxyo-en, sulphur, chlo- 
rine, bromine and iodine expressed by the symbols 
O, S, CI2, Br,, I2 all have the same chemical atom- 
fixing power, or are equivalent. Moreover, it follows 
that one atom of oxygen or of sulphur is alw^ays 
equivalent to two atoms of chlorine, bromine, or 
iodine ; also, that if the last-mentioned elements must 
be regarded as univalent, which is in reality the 
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case,* then must oxygen and snljihiir be considered 
a« bivalent, t 

Verv often a multivalent atom enters into combi- 
nation with fewer other atoms than it is capable of 
binding, and this combination of atoms can then 
bind as many more atoms as mav be necessarv to 
saturate the full valence of the original multivalent 
atom. The fonner soi-t of comixmnd is called un- 
saturated, in contradistinction from the latter so- 
called saturated compound. In this sense one atom 
of carbon (which is quadrivalent) combines with one 
atom of oxygen to fomi the gas carbon monoxide 

* See note, page 41 . 

t The statements in the text are not to be considered final. If 
we were to consider only tlie above compounds of cadmium in 
connection with the datu there given, the conclusions of the text 
would be all that could be attained, and it would follow that an atom 
of S or of O is always equivalent to two atoms of CI, etc. But in 
reality, it is found that an atom of S can, and does, bind four atoms 
of CI, which would make it not bivalent but quadrivalent, unless, in- 
deed, SCI4 be regarded as a case of "molecular addition" (SCI9 + CU), 
against which view the weight of argument seems to militate ; another 
even more convincing instance of the quadrivalence of S is furnished 
by the compoimd : 



S j |^j^^2n + ^)» 



(Oefele, Ann. Chem. Pharm., Bd. 132, 1864, S. 83.) 
In sulphuric acid, S is considered by most chemists as sexivalent: 

O ^a ( oil , 

nevertheless, not a few chemists, who still regard S as bivaleijt, 
write for sulphuric acid: HO.S.O.O.OII. 

The whole question as to the variability of the valence of the ele- 
mentary' atom is one of the most important questions bearing \ij^"^ 
the science, and perhaps one may looV;. \vvc iwt^ct \tv\\V\v^ Nsss^'^^^"^- 
tion Tcspectiuir this subject \u U\e (Wv^'cVwxv o\ v\\v>\\\\c%A\\vj\v\\3bV«^ « 



• ft 



Vfjil/orjoii*- oxid^'. CO '. in x^hich onlv two of 
r|j*r vjiI^rrK*-' of rhe c-jirbon atom are brought into 
si'-Tivirv.'' 

Hut this ;:;i- i- ir-^-lf r-'iiiilni-^tible : that is to say. 
is jin iin^atiirjttwl ((AwyiynwA, and may unite with 
••fill arjof|j»-r arorn of oxvL^»-n. i irodudncr thereby 
r-arU/fiir- jiiilivdrid*- r O (J \ whi^'h is. on the other 
lijiiid. a -^afunire'l roriij>oiind. The relations are sim- 
ilar U-rwf-en stannous cliloride. Sn CT.+ and stannic 
r-liloride. Sn (.'!.. and there are nianv other like in- 
sfjjrir^'S. 

>Mi'\\ 'ases ]josses*5 still a special interest for us. 
sirjr'^' rfjev reiidf-r evident wliat we are to understand 
by a ladir-al or atoiii-^rrriuji. One molecule of carlxm 
rnoiioxid*- unity's with one atom of oxygen, produc- 
ing^ one nioh'cnl** of carbon dioxide [carbonic an- 
hydride;, whir-li if*]>resents a saturated compound. 
('oncernin;r the ronstrriction ui the molecule of car- 
f>onif' ;jnhyflridf; we ran havf* the following two con- 
ceptions : a sirnj)le rrnnlnnation of one atom of carbon 
witli two rjf r^xy^rfffi. of whicrh oxygen atoms each 



* Tlir; view Homr-iimcs wxyn'A tluit tlic two remaining valence units 
rif lli<! (; jiloin '.\\{'. ju-.tivo in saturating each other is incapable of 
rxU'iision to sucli compounds as XO and NOj, if X be of uneven 

I It. Iin^ Jm'Mi sliown, {\\\\U\ rffcntly, (V. and C. Meyer, Deutsch. 
riicin. (;<•-.. W'x. XII, III).-)) tliMt the proper molecular weight for 
(;iiMM»ir-, cliloridc is double! that which has been liitherto ordinarily 
vvrilNji. Never! h(!less, its eorrect molecular formula, SuaCh, still 
ifpnsfiits an unsaturated compound, the two tin atoms being con- 
nceif'd by double vidcnces, as in the case of ferrous chloride (see 
p. Wy. 

Iv 



/Sn\Cl, 
VSn/Cl. 
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exerts exactly the same ohetnical activity ; or a 
combination of the original unsaturated compound, 
carbon monoxide, as a whole by itself, witli one 
atom of oxygen, which latter oxygen atom will tlien 
possess another chemical function different from 
that of the oxygen atom originally in the carbon 
monoxide. By fonnulas these two views may be 
expressed as follows : 

1. CO + O = CO, 

2. CO + O = (C6)0 

Carbon Oxy^«'n, Carbonic 

monoxide. nuliydride. 

Tlie idea of the atom-group, or radical, will become 
still clearer by a consideration of the comi)ound, 
ammonium chloride, or of tlie ammonium com- 
pounds in general. By analysis we knf)w that one 
molecule of ammonium chloride (contains one atom 
of nitrogen, four atoms of hydrogen, and one atom 
of chlorine. This compound is quite similar to 
potassium chloride, the molecule of which consists 
of one atom of chlorine and one atom of j^otassium. 
In both molecules the chlorine atom mav be re- 
placed by an atom of bromine oi* of iodine, and 
in this manner we obtain from the ammonium 
chloride a compound of one atom of nitrogen, 
four atoms of hvdroffen and one atom of bromine 
or iodine ; from the potassium chloi'ido, on the 
other hand, a com])ination of (me atom of potas- 
sium with one atom of bromine or iodine. In other 
words : while in the one series of compounds the 
atom of potassium remains and is combined now 
with chlorine, now with bromiwe o\ \c^^\xv^^ \x>^ *<^^ 
other series of compounds tA\e i\\\\c>«;|eiw wXcrav^axv^*^^ 
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four hydrogen atoms are the components which we 
meet in all three substances : 



(XH,) CI 

Aiumoniuin chloride. 


KCl 

Potassiuin chloride. 


(NH,) Br 

Amiiiuniuin bruiiiide. 


KBr 

Potassium bromide. 


(NH.)I 

Aniinoniuin iodide. 


KI 

Potassimn Iodide. 



We assume, tlierefore, that the nitrogen atom 
and the four hydrogen atoms constitute an atoni- 
gi'oup which, as a whole, is in a condition to 
play the same role, can exert the same chemical 
function in combinations, as that of an elementary, 
simple atom. The principle of this consists in that 
such a iiidical'^ is always an unsaturated compound 
and owes its origin to the circumstance that the 
valence units of a multivalent atom have been onlv 
l)ai'tially saturated by other atoms ; the valence 
units still remaining free determine then the valence' 
of the radical thus formed. Nitrogen is, for ex- 
ample, a quinquivalent element ; that is to say, a 
nitrogen atom is capable of binding five other univa- 
lent atoms ; if it unites with four hydrogen atoms, 
there then remains one free valence unit which, in 
ammonium chloride, is satisfied or saturated by the 
chlorine atom just as the single valence of the potas- 
sium atom is satisfied in the compound potassium 



* The term *'rest" is widely used to denote the same thing, a term 

formerly employed by Gerhardt. All compound "rests' are unsat- 

urated TnoJecules; but wliile many of the latter are known to exist in 

/he free state, this can be said of Imt few so-ctvWed '' yos\?.." Single 

f'/cmcDtary atoniR may ho rp£r;i ided as s\n\vk' " vesVs." 
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rhloride. Sometimes two or more .itoms of the same 
element combine witli one another, forming a double 
atom (radical) whicli naturally gives rise" to a series 
of combinations ditfei*ent from that of the single 
atom, and is of a different valence from that of the 
single atom. Ircm, Fe, is quadi-ivalent : in feiTOUs 
chloride two atoms of Fe" are connected \\ith each 
other bv two of the valences of each atom, while the 
remaining four valences are saturated by chloiine: 

tvK'ci, 

FeiTOUs chloride. 

Fe-7 CI, 

In ferric chloride, on the contrary, the two iron 
atoms are bound together by only one valence of 
each atom, and the remaining six valences are satu- 
rated by chlorine : 



Te'K CL 



Fe^VCl 



Fenic chloride.* 



The fact that the free valences of a radical can be 
saturated by other radicals instead of by elementary 
atoms scarcely needs any special explanation; in 
this way we attain to molecules of constantly in- 
creasing complexity, in which the department of 
organic chemistry is so especially rich, and we find 
at the same time that the number of atoms which 
can combine to a single molecule is, a priori, un- 
limited. 



* See note, puu;c r^. 



16 drechsel's ixthoductiox. 



OXIDATION AND REDUCTION. 

By oxidation is understood, primarily, the com- 
bination of any substance with oxygen ; by reduc- 
tion, the reverse i^rocess, the abstraction of oxygen 
from a compound. Iron subje(;ted to the action of 
moist air rusts by assimilating oxygen from the air ;^ 
likewise, ' ' scale oxide' ' is formed upon iron by oxi- 
dation when it is brought glowing into contact with 
ail*. In both cases a combination of iron with 
oxygen, an oxide, is generated, which covers the 
metal v^th a film. Phosphorus burns in air, by 
which process it combines \\ath the oxygen of the 
air to form phosphoric anhydride ; carbon oxidizes 
under similar circumstances to carbonic anhvdri(l(^ : 



3Fe,+4 0,= 



Fe^^\ O'' O /Fe^^' '* 

g I (Fe^^=Fe*0 ^' j O 

Fe^V O O \Fe 



'Scale iron.**t 



P^ + 5 0, = 2(PO,.O.PO0 

Phosphorus. Phosphoric anhydride. 

c + o, = co.o 

Carbon. J Carbonic anhydride. 



* Calvert has shown (Chem. News, xxiii. 98) that ordinary rusting 
of iron is largely due to the carbonic anhydride of the atmosphere. 

f " Scale iron" appears to consist of two layers, the outer one of 
which contains a larger amount of ferric oxide than the inner one, 
but In varying proportions. The inner layer has had the formula 
6 FeO.FeaOs assigned to it. (Mosander, Pogg. Ann. vi. 35.) 

X We do not know how many atoms of carbon arc contained in Its 
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Compounds may oxidize still further, just as the 
elements in the al)()ve illustrations oxidized: 

2 CO + (), ^ 2C0.() 



Carbon 
monoxide. 


(?arlM)nit' 
anhydride. 


2 so. 


+ 0, - 2S().,.(.) 


Suli)}uiroiLs 
anhydride. 


Sulphuric 
niiliydiide. 


2H,S + 


().. - 211,0 + S 


Hydrous 
sulphide. 


Water Sulpl 
1 Hydrous oxide). 


H.S + 


2 0, _ so,.;^;}} 




Sulphuric acid. 



2 PCI. + O, = 2P0C1, 

Phosphorus Phosphorus 

tricmoride. oxj-chloride. 



'Cu" < 

jo + O. = 4Cn"0 
.Ca" / 

Cuprous oxide. Cupric oxide. 

/Pb'^A O • . O /Pb'^'^ 

6 PbO+O, = f j j3 j- (Pb'^ = Pb'o" ■[ 3 

Vpb'V O O \Pb'\ 

Plumbous oxide. "Minium." 

The oxygen necessary to accomplish the oxidation 
of a substance, however, may be obtained from a 
compound already containing oxygen, this latter 
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compound thereby suffering reduction. Such sub- 
stances which easily give at least a portion of their 
oxygen to other substances are called oxidizing 
agents. Evidently, every substance is, with resi)ect 
to every other substance which is capable of ab- 
stracting oxygen from it, an oxidizing agent, and 
inversely this oxygen abstracting substance is, 
with respect to the compound from which the oxy- 
•gen is taken, a reducing agent. In this sense the 
following reactions ensue : 

Ag, + SSO.jgg = SO.jgfl + 2H,0 + S0, 

Silver. Sulphuric acid. Silver sulphate. Sulphurous 

anhydride. 

3Cii'' + 8NO,.O.H=3(^3'-^ I Cu'')+2NO+4H,0 

Copper. Nitric acid. Copper nitrate. Nitrogen Water. 

monoxide. 

2Mn03.0.K + 5 |j K 8 L^' + ^SO. ) g:g = 

Potassium Ferrous sulphate. Sulphuric acid, 

permanganate. 

Fe^^XO^^'^^ 

g|sO,+ Sa{g;| + 2Sa{g|Mn^ 

Ferric sulphate. Potassium sulphate. Manganous Bulphate. 

+ 8H,0 

Water. 
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In these cases it was oxygen which effected the 
oxidation. Instances occur wherein chlorine or 
bromine work analogously : 



SnCl, + CI, == SnCl, 

StaunoiiH Stannic 

chloride.* Chlorine. chloride. 



P, + 6 Br, = 4PBr, 

Phosphorus 
Phosphonis. Brom?ne. tribromide. 



■Fe\01, 



.Fe/ CI, \Fe/ 01, 

Fen'ous chloiide. Ferric chloride. 

These reactions are plainly quite shnilar to the 
oxidation jirocesses cited above; the oxides, chlorides, 
bromides, etc., i^rodiiced corresi)ond to one another 
perfectly with regard to their composition, and may 
easily be conveited into one another. 

The chemical processes which lie at the foundation 
of the examples just presented are not always of 
precisely the same kind ; rather must we distinguish 
cases where, through such oxidation, a change in 
the valence of the oxidized atom occurs from those 
in which mere substitution in consequence of 
double decomposition results. Tlie oxidation of 
hydrous sulphide takes place in two different senses 
and is naturally attended by quite different results. 
The first equation shows that the hydrogen of the 



* See note, pa,8:e 12. 
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hydrogen sulphide is oxidized to water by the oicy- 
gen, and that sulphur is separated : 

This rea<?tion consists simply in the substitution 
of the bivalent sul])hur by the bivalent oxygen ; the 
hydrogen I'en^.ains univalent as at flrst. The matter 
is different in the cnse of the formation of sulphuric 
acid from the same materials : 

H,S + 2 O, = H,SO, * 

In this case bivalent sulphur changes to sexivalent 
sulphur, all of the valences of which are saturated 
by oxygen, at the same time the direct combination 
between the sulphur atom and the hydrogen atoms 
is sundered and is indirectly restored by the medi- 
ation of the two oxyf>:en atoms. The mechanism of 
the process so described may be represented by the 
following equation : 

H,S'' + 20'', = (S-'O".)'' \ q/§ 

This latter modality of oxidation, the insertion of 
an oxygen atom, occurs very frequently in the oxi- 
dation of organic compounds. Upon this method 
depends the oxidation of aldehydes to acids : 

2 C,H,.CO.H + 0, = 2 C.H,CO.O.H 

Benzoic aldehyde. Benzoic acid. 

* Sec note, page 11, 
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The difference of this sort of oxidation becomes 
more apparent when we effect the oxidation by a 
univalent atom, as chlorine. In the case of oxida- 
tion with increase of valence [or in snch cases as are 
represented by the last equation, where no such in- 
crease of valence occurs] the oxidizing atoms are 
simply incorporated, nothing l^eing set free from 
the molecule, hence the molecule contains more 
atoms after the completion of the oxidation than 
before (see the examples cited above). If, on the 
contrary, chlorine acts ui)on benzoic aldehyde, 
chlorhydric acid is separated and the benzoyl chlo- 
ride produced contains exactly the same number of 
atoms as the benzoic aldehyde : 

CeH.CO.H + CI, = C.H,.C0.C1 + HCl 

Benzoic aldehyde. Chlorine. Benzoyl chloride. Chlorhydric 

aciti. 

[this latter reaction being a case of substitution by 
double decomposition]. 

The preceding illustrations are sufficient to show 
that the term oxidation denotes processes differing 
much among themselves.* 



* With us it has been customary to n-gard oxidation and reduction 
as terms signifying processes the reverse of each other, and yet \v(; 
very generally attach a much more extended meaning to the word 
reduction than to ox-idation. We speak of rrduciuf/ an oxide, sul- 
phide or chloride, when oxygen, sulphur, chl()rin(^ etc., arc abstracted 
from these compounds respectively, while we restrict the application 
of the term oxidation to cases wherein oxygen is sui)plied to a com- 
pound, or some element is abstracted from it by oxygen. It will be 
seen that the author, throughout this work, has extended ovv: ci>\^\.«VA 
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The same is evidently true of the reduction pro- 
cesses ; in many cases a lowering of the valence is 
entailed, as in the reduction of sulphuric acid to 
hydrogen sulphide : 

Sulphuric acid. Hydrogen. Hydro^^n Water. 

sulphide. 

In many instances, however, such is not the re- 
sult, as in the reduction of nitrous acid to ammonia : 

N'''O.O.H + 3 H, = N^'^H, + 2 H,0 

Nitrous acid. Ammonia. 

In this latter case the valence of the nitrogen atom 
is unchanged. 



SOLUTION OF THE METALS AND METALLIC 

OXIDES. 

Most of the reactions which serve to distinguish 
and to separate substances fi'om one another in the 



ary use of the term o.vidatioii to correspoud, in au opposite sense, to 
our application of the term reduction. In llie stricter sense of the 
word oxidation FcjClo would be an oxidation product when formed 
from FeaCh by oxygen, thus : 6 Fe^Ch + 3 O, = 2 Fe^Oa + 4 FeaCl. ; 
but if it be formed by simple addition of chlorine, as when FcaCU is 
heated in chlorine gas, which may be represented by the equation of 
the text, FeaCh + Cla = Fe,.Cle, the FeaCla would be called a higher 
cOjJorinated ])roduct. 
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course of analysis can be effected only in solution ; 
it is necessary, therefore, before we can test for a 
metal by these reactions, to bring it into solution. 
This solution, however, does not complete itself in 
the simple manner of the solution of a salt in water, 
but entails first the formation of some chemical 
compound of the metal and then the solution of this 
compound in the suiTounding liquid. From what 
has been stated about oxidation, in the foregoing 
section, it is sufficiently apparent that it is chiefly 
an oxidation process which is concerned in the solu- 
tion of a metal. Tlie different methods bv which we 
may bring about such have been already described, 
in general, and it only remains to elucidate some- 
what more fully the prevailing l^ehavior of the 
metals in particular. We shall then jmss to a 
closer consideration of the action of the principal 
solvents. The simplest kind of oxidation is evi- 
dently that whereby the metallic atom unites di- 
rectly with the oxygen atom. Many metals do this 
even at the ordinary temperature when they lie ex- 
posed to the air, especially if the air be moist. The 
polished surface of the metal loses its luster and 
becomes coated with a film of oxide or of a hydrox- 
ide which often abstracts carbonic anhydride from 
the atmosphere and becomes converted into a basic 
carbonate. Of the more commonly occuirring metals, 
which alone enter into our discussion, iron, lead, 
copper, zinc, and arsenic are the ones which become 
most easily covered with a film of oxide upon ex- 
posure to the air. Indeed, iron, in i\ finely divided 
state such as that resulting from a reduction of 
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ferric oxide by hydrogen, is pyrophorous, taking fire 
at once in the air, and, glowing, bums to ferric 
oxide. Far easier than at the ordinary temperature 
does such oxidation take place when the metal is 
heated in air, or better, in pure oxygen. Under 
these conditions tin, antimony, cadmium, bismuth 
and mercury are oxidized, and the easier the higher 
the temperature (in the case of mercury, however, 
the oxide decomposes at a tempemture but little 
higher than that at which it formed) ; also nickel 
and cobalt, in a dense state, oxidize at the tempera- 
ture of incandescence ; even silver when heated in the 
blowpipe flame to near its vaporization point gives a 
coating of silver oxide upon the charcoal. Only 
gold and platinum remain absolutely unattacked in 
the air. The combinations of metal with oxygen 
which ai'e obtained in this way are called, in general, 
oxides. According as the oxides exhibit a lower or 
higher degree of saturation — that is, contain with 
reference to a fixed number of metallic atoms a 
smaller or greater number of oxygen atoms — they 
are distinguished by the terms -oi/s oxide, -Ic 
oxide, sesqiiioxide, superoxide, bioxide [oftener and 
better dioxide, corresponding to monoxide], -ous 
anhydride, -ir anhydride, per-lc anhydride [or 
oxidej, K){{.\ The term -ous-ic oxide denotes a com- 
bination of two difl^erent oxides of the same metal. 
An absolutely definite meaning respecting the com- 
])()siti()n of oxides is ,<i:enerally attached, as a result 
of usage, only to the expression sesqui- and 6/-oxide 
(instead of which the term st//)('/'-oxide is often 
us<h1): in.tho first (*ase thero occur three atoms of 
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oxygen to two of metal ; in the latter, two atoms of 
oxygen to one of metal. * 

The chemical characters of the metallic oxides 
differ widely and depend gi-eatly upon the nature of 
the metallic atom itself. Generally speaking, how- 
ever, so much may be said : the lower oxides are of 
a more basic, the higher ones of a more acid, nature. 
Hence, the intermediate oxides such as the sesqui- 
oxides are possessed of but feeble basic propeities, 
the dioxides are indifferent comi^ounds which, for 
the most part, do not combine with either bases or 
acids, t 



* That is to say, such terms as -ous and -ic pxides are indicative of 
relative degrees of oxidation, an -ic oxide hding a liiglier oxide than an 
-0U8 oxide. But metallic sesquioxide means two atoms of metal to 
three of oxygen ; with us, the terms metallic dioxide, bioxide, suj^er- 
oxide, hyperoxide (especially tbfi first two) generally denote two atoms 
of oxygen to one of metal, but can hardly be said to have as definite 
a meaning as the term sesquioxide. This latter has lately fallen 
somewliat into disuse as improved systems of naming have found 
more general adoption. In addition to our affixes -ouh, -ic, our prinoi- 
ptd auxiliaries to terminology are the Greek prefixes mon, di, tri, 
etc., hypo and hyper, and the Latin prefixes sab and syper. Certain 
oxides which may be regarded as derived from acids by the abstrac- 
tion of HaO are called anhydridea: 



SO i^ii 

^^« \ OH 


- HgO 


= SOgO 


Sulphuric 
acid. 




Sulphuric 
anhj'dride. 



t In other words : the dioxides, or indifferent compounds of the 
metals with oxygen, do not tend to produce salts when treated to 
either acid or base. A basic oxide means one wliich tends to form a 
salt when treated to an acid or acid anhydride. Acid oxide is to be 
similarly understood in the opposite sense. 
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The following examples illustrate these princi- 
ples : 

Manganese . . 1) MnO, manganoiis oxide ; strongly 

basic. 

2) MnaOj, manganic oxide ; feebly basic. 
MngO,, manganous-manganic oxide. 

3) MnOa, manganese dioxide ; indif- 



ferent. 

4) MnOs, manganese tiioxide [or man- 
ganic anhydiide, corresponding to 

manganic acid : Mn Oa ] qtj ; an 

acid oxide. 

5) MnjO,, pennanganic anhydride [from 

permanganic acid : MnO,. OH ] ; an 
acid oxide. 

Iron.... 1) FeO [or, Fe^OJ, feixous oxide; 

strongly basic. 

2) FeaOg, ferric oxide (sesquioxide) ; 

feebly basic. 
Fe304, ferrous-ferric oxide. 

3) FeOj, iron trioxide [or, ferric anhy- 

dride, corresponding to the acid 

; an acid oxide. 



FeO, I gg J 

Lead 1) PbO, plumbous oxide ; strongly basic. 

2) PbOa, lead hyperoxide [or lead di- 

oxide, or plumbic oxide] ; indif- 
ferent. 

3) PKO^, dii:)lumbous - plumbic oxide 

(''minium"). 
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Copper 1) CUaO, cuprous oxide [suboxide]; 

basic. 

2) CuO, cupric oxide ; l)asi('. 

AiTsenic 1) AsaOj,'^' arseiiious oxide |or arsenious 

anhydride, corresponding to tlie 

\ Oil 
acid As - Oil. (or the acid, 
/OH 

AsO.OlI.)l;+ feebly JM'id. 

2) ASgOft, ai'senic oxide [or arsenic an- 

hydiide, corresponding to the acid 

I OH -. 

■{ OH. ; strongly acid. 

] OH J ^ ^ 



AsO 



In a manner simihir to that in which the metals 
unite with oxygen they unite also with sulphur and 
the haloids, /.r., chlorine, bromine, iodine, and 
fluorine. The ccmipounds with these eh^nients, 
esi)ecially those with suli)hur, are analogous to the 
oxides, although they seldom manifest so decided a 
chemical chamc^ter as the c()rresi)onding oxides. 
Moreover, these classes of (»(mipounds admit of being 
converted easily into oxides, and rfce rersa. 

Sulphur, the atom of which like that of oxygen is 

* Tlie formulas for arsenious and antimoiious anliydridos have 
been hitherto luiiversally written as in this text : AssaOa and Sh...03. 
It has lately been sliown that these are not justiliabh; exjiressions of 
the molecular weights of these substances, ])ut that the fonnulas 
con'espondin*; to the vapor density as det(?nnined by Mitscherlich 
some forty-five years aijfo (lor arsenious anhydride) are correct, and 
that they shoidd be written: As,Oc and Sb4(>6. (V. cV: ('. JVIeyer, 
Deutsch.* Chem. Ges. Ber. XII, 1113 and 128:>.) 

f See note, page 9: J. 
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bivalent,* combines in many instances very readily 
with tlie metals, often, indeed, tlirough a mere nib- 
bing tog(»ther, as in the case of mercury with sul- 
l^hiir, but more especially through the agency of 
heat, and then tlie combination is generally attended 
with a bright glowing. Copper wlien heated in the 
vai^or of sulphur burns tlius to cuprous sulphide, 
comi)lete]y. The sulphur ccmij^ounds are named 
sulphides, analogously to the naming of the oxides. 
They are i^artly of basic, partly of indifferent, and 
partly of acid, natures, f Besides by the method 

* Sulphur a])XDears to bu bivalent in most of its simple combinations 
with metals, but in many other cases it is regarded as showing another 
valence. (See note, p. 11.) 

f These expressions for the sulphides are to be understood in a 
sense precisely analogous to that in \>'hich they were employed with 
respect to the oxides, an atom of S taking the place of the atom of O. 
Thus we may write : 

K-iO, a basic oxide, corresponding to K-^S, a basic sulphide. 
AsaOs, an acid oxide, " " AsaSs, an acid sulphide. 

3 K.,0 + As,05 = 2 Ks As()4" " 3 K^S + As,S5 = 2 KsAsS*, 

An oxygen salt. A sulpho salt. 

( Oil ( OK 

3 K.O.II + AsO { on = AsO -^ OK + 3 H.,0, corresponding to: 

/ OH / OK 

An oxyffen An oxygon An oxygen Water 

base. acid. salt. Cliydrous oxide>. 



i Sir ( sK 

3 K.S.II + AsS ■ SIl = AsS -■ SK + 3 JI,S ; 

/ SH / SK 

A sulpho A sulpho A sulpho Hydrous 

base.* aeid. salt. sulphide. 

^K.SH would 1k' usually regarded as an acid sjilt, derived from 
the acul US by substitution of one half of its JLj by K ; the term sulpho 
base was written merely for the sake of the analogy at present under 
di<c\ission. 
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of direct cfuuhinaHon, tlie snlpliides arn also ob- 
tained by doii])le decomposition, a. i)ro(*ess to wiiich 
we resort in qualitative analysis in order to obtain 
them. 

Chlorine attacks the metals even more energeti- 
cally than sulphur, and, in some cases, than oxygen.- 
Of the metals, with whi(»h we are here concerned, 
there is not one but will, uixm the application of 
heat, combine du'ectly with chlorine. The chlorine 
atom is univalent,* and consequently can saturate 
only one valence of a metallic atom ; therefore, 
it is incapable ot uniting two metallic atoms in a 
molecule as oxygen or suli^hur (;an do, so that in 
those molecules of chlorides which (*(mtain two 
atoms of metal these latter must be regarded as 
being directly united with each other. Silver oxide 
consists of two atoms of silver and one atom of 
oxygen which is bound to the two metallic atoms. 
Mercurous chloride contains two atoms of mercury 
and two atoms of chlorine, each of which chlorine 
atoms is to be considered as linked to an atom of 
mercury, while the mercury atoms are further bound 
to each other : 

Ag'-0"-Ag' and CT-Hg"-IIg -CI' 

Silver oxide. M«.»rc'urous chloride. 

The combinations of chlorine with metals are also 
named -ous and -ic chlorides, etc. Their number is 
not so large as that of the oxides, since, as it api)ears, 
those coiTesponding to the higher oxides are in- 
capable of existence. AVhile most of the oxides 
and sulphides are insoluble in Avater, the reverse is 

* Toward inotal«. 



30 DRKCHREI/S INTRODUOTTOK. 

true of the chlorides : most of them dissolve in water. 
Tliese solutions display the same chemical behavior 
as that of the soluticms of tlie oxides in water, or 
coiTespondingly in oxygen acids. From this we 
conclude that in botli cases the metallic atom pos- 
sesses the same func^tion, exerts the same chemical 
a(*tivity. In a great majority of cases, therefore, 
it is quite immaterial, for the application of chemi- 
cal rea<*tions, whether we bring the metal into solu- 
tion as an oxygen compound or as (*ombined with 
chloiine. 

Bromine and iodine comport themselves toward 
the metals very much like chlorine, only they mani- 
fest a very consideiubly weaker affinity for them 
than chlorine possesses ; both ai'e also univalent.* 

It has already been stated that the oxidation of 
the metals can be acconix)lislied otherwise than by 
direct union of the elements, namely, by subjecting 
them to the action of oxidizing agents, compounds 
which yield readily at least a portion of their oxygen. 
Strictly speaking, such compounds also belong here 
which are (capable of readily giving up their chlorine, 
sulphur, etc., since the metallic comi^ounds thus pro- 
duced correspond to certain oxides respecting their 
gmde of saturation, f By the oxidizing process which 
the metal undergoes, the oxidizing agents them- 
selves become reduced ; their number is naturally 
very large, but those which are ordinarily employed 
for the solution of the metals, and with which we 
have here to deal exclusively, are but fcAv. They 
are the following : 1st, nitric acid ; 2d, chlorhydiic 

* Toward metals. f See note, p. 21. 
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acid, or dilute sulpliuiic acid; :^d, (iqua rtfjia ; 
4th, concentrated .sulphuric a(*id. 



1) AOTIOX OF NlTUIO AoiD. 

Nitric Acid is a comlnnation of the univalent 
radical (atoni-^Toup) NO.,, —which is itself a com- 
bination of a (piimiuivaleiit nitr()fi:en atom with 
two bivalent oxvi^en atoms, — with (me bivalent oxv- 
gen atom, the other valen(*e of wliic^h is saturated 
bv one univalent hvdro<iren atom (it is customarv to 
consider this conibinatitm of an oxygen atcmi with 
one liydrogtni atom as a special univalent radi(*al, 
OH, and to call it hjidio.vjih, thus: (N^O,")'.O.H. 
If the hydrogen atom in the hydroxyl be rephu^ed 
by a metallic atom, a salt, a nHrat<\ as it is called, 
is produced. These salts are distinguished for their 
solubility in water ; only a few basic salts are insolu- 
ble.* The solubility of most of them diminishes 
significantly as the amount of nitnc acid in the 
liquid increases, and many are ctmipletely insolu])le 
in nitric acid itself, for instance the lead salt. 
Hemn lies the explanation of the fact that many 
metals do not dissolve in the concentrated acid, in 
the pure compound, or do not even appear to be 
attacked by it at all. Acti(m does really take place 
upon the surface of the metal in contact with the 
acid, but since the salt then* formed is insoluble in 
the suiTOunding liquid it prevents further contact of 
metal and acid, and the action ceases. Hence, f oi' the 
solution of the metals a too concenti'ated acid should 



Sec note to p. 3S. 
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not be eini)l()ye(l, but one of moderate strength. 
The action of metals uiK)n nitric a(M(l commences in 
many cases at a low tempeiiiture and with quite 
dihite acid (copper, zinc) ; it is gi*eatly ac^celerated 
by the agency of heat as well as by the presence of 
nitrous acid in the nitric acid, so that the action is 
much more energetic with deeply colored acid than 
with the colorless. Moderately ccmcentrated nitric 
acid (that is, not too dilute) is always reduced by 
the metals to nitrogen monoxide, yielding three 
atoms of oxygen : 

2 NO,. OH = 2N0 + H,0 + 30 

Nitric acid. Nitrogen monoxide. 

If the acid be rather dilute the nitrogen monoxide is 
comi^letely or partially evolved, but if the acid be of 
strcmger concentration it will be absorbed by the 
nitric acid, producing nitrous acid ; or, in case of 
still stronger concentration, producing hyponitric 
oxide. In these instances the following reactions 
occur : 

2 NO + NO^.O.H + H,0 = 3N0.0.H 

Nitrogen Nitric acid. Nitrous acid, 

monoxide. 

and 
2 NO + 2N0,.0.H = NO.O.NO, + 2N0.0.H 

Hj-ponitric Nitrous 

oxide. acid. 

The nitrous acid is very easily decomposed by metals, 
with the formation of nitrogen monoxide and nitrite 
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salts, which latter, however, are miinediately decom- 
posed by the nitric acid present : 

2N0.0.H + Me' = H,0 + NO + NO.O.Me' 

Nitrous Metal. Nitrogen Metallic 

acid. monoxide. nitrite. 

According to tliis, tlie nitrous acid is tlie real 
intervening instrumentality in the action between 
metals and nitric acid ; its quantity increases gieatly 
in the course of the reaction. Tlie nitiogen mon- 
oxide combines at once with oxygen, in contact with 
air, foiining hyponitric oxide, which manifests itself 
as a reddish brown vapor : 



2 NO. + O, = NO.O.NO, 

Nitrogen H3T)onitric 

monoxide. oxide. 



Sometimes the reduction of the nitric acid goes still 
further than to nitrogen mcmoxide, when hyponi- 
trous anhydride, or even nitrogen, is evolved : 

2N0,.0.H - 40 = N,0 + H,0 

Nitric acid. Ilyponitrous 

anliydride. 



and 



2N0,.0.H - 50 = N, + H,0 

Niti*ogen. 



Zinc, with cold dilute acid, generates hyponitrous 
anhydride ; at a somewhat higher tenii)erature, also 
nitrogen monoxide. Copper generates, in the cold, 
nitrogen monoxide with which, at higher tempera- 
tures and by stronger concenti-ation, nitrogen is 
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inix<»(l. Silver, niorcuiy, bismulli, Imul and anti- 

iiioiiv beliavH siinilarlv. Witli vorv dilute nitric 
• • • 

acid /^inc ^ives ammonia ; tlie same reaction occui^s 
with somewhat stronger acid when free sulphuric 
ai'id or chloi-liydiic acid is present ; if zinc be treated 
to dilute sulphuiic. acid the rapid evolution of 
hydrogen may be easily arrested by allowing nitric 
acid to droj) into the generating Hask ; under fhis 
treatment a point is reached at which the metnl dis- 
solves .in the liquid without the evolution of gas. 
The reaction occuia according to the following equa- 
tion : 

N(),.O.H + 8H = NH3 + 311,0 

Nitric acul. Hydrogen. Ammonia. Water. 

the hydrogen abstracts from the nitric acid all of its 
oxygen, and forms annnonia with the nitrogen. 
The same process is acccmiplished without the pres- 
ence of any other acid when zinc is dissolved in very 
dilute nitric acid. We conclude, therefore, that 
very dilute niti'ic acid acts upcm zinc just as chlor- 
hydric acid or dilute sulphuric acid (see below), only 
the .hydrogen is not evolved in the gaseous state, but 
is at onc(» consumed in the formaticm of ammonia. 
Tin ])ehaves like zinc. 

Th(3 reducticm of nitric a(*id and its change into 
ammonia take' plac^e not oidy in acid, l)ut also in 
neutral and alkaline, solutions. If a solution of 
neutral lead nitrate be boiled with metallic lead, a 
part of the nitric acid becomes reduced to nitrous 
a(*id, and double salts of lead nitrate and hnid nitrite 
are formed. Fn alkaline solution nitric acid is con- 
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verted into ammonia by boiling. wit li in m and zinc 
(since these two metals togetlier, treated to a solution 
of potassium hydroxide, generate hydrogen). 

The oxygen which the nitric acid gives off in the 
reactions hitherto considered is emj^loyed in the 
oxidation of the metal present ; thus, nitric acid and 
antimony give : 

2 NO,.O.H + 2 Sb'" = Sb'"O.O.Sb'"0 + 2 NO + H,0 

Antimonourt Nitrogen 

anhydi-ido.* monoxhle. 

Tin comports itself similarly towai'd strong nitric 
acid, only there is fonned not an anhj^drous oxide 
but a hydroxide : 



2 NO,.O.H + Sn^^ + H,0 = Sn^ 



^■< 



O.H 

^•g + NO.O.NO 

O.H 



Nitric acid. Tin. Water. 3Iotastannic Nitrous 

acid. anhydride. 



These two metallic oxides are insoluble in the excess 
of acid ; the oxides of the other metals which are 
oxidized by nitric acid are soluble in the excess of 
acid. From this we see that the i)rocess of the solu- 
tion of a metal in nitric acid does not complete itself 
in one reaction, but rather in two successive stages. 
First, the metal is oxidized ; and, secondly, this 
oxide is dissolved in the acid, wherel)y are formed a 



* Set* n()t(\ p. '27. 
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nitmte salt and water. The following equations elu- 
cidate such i)rocesses of solution : 



Ag,0 + 2 NO,.O.H = 2 NO,.O.Ag + H,0 

Silver oxide. Nitric acid. Silver nitrate. Water. 

Cu' { g:g + 2 NO,.O.H = Cn' { g:gg^ + 2 H,0 

Cupric hydroxide. Cupric nitrate. 

Hg'O + 2 NO,.O.H = Hg" i g;gg; + H,0 

Mercuric oxide. Mercuric nitrate. 

Bi"' X w + 3 NO..O.H = Bi" \ O.NO, + 2 H.O. 
^ ^-^ i O.XO, 

Bismuthyl hydroxide. Bismuth nitrate. 



The reactions which attend the solution of copper, 
for instance, in niodeiutelv concentrated nitric acid 
may be represented by the following equations : 

I. 3 Cn' + 2 NO,.O.H + 2 H,0 = 3 Cu" | ^[h + 2 ^O 

Copper. Nitric acid. Water. Cupric Nitro^n 

hydroxide. monoxide. 

II. 3 Cu" { oIh + ^ NO^O.H = 3 Cu" | q^qH- 6 H,0 
or: 

3 Cii'+8N0,.0.H = 3 Cu' { g-^Tg' + 2 NO + 4 HA 

Copiwr. Nitric acid. Cupric nitnit»\ Nitrofjren Water. 

inoiioxidt*. 



• >«^ 
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In the case of metals which do not form hydrox- 
ides but only oxides the foi'mation of oxides in the 
"first equation mnst be assumed, as for mercury : 

I. 6 Hg^ + 2 NO,. OH = n Il^r'^o + 11,0 + 2 NO 

Mercury. Nitric acid. Mercunjus oxide. 



II. 3 Hg/O + 6 NO,. OJI = 31 r „ JoiS^o' + ^ ^^'^ 
3 Hg',+ 8 ]SrO..OH = 31 I fo.Kol + ^ ^^«^ + 2 NO 

Mercury. Nitrioacid. Mercurous nitrate. Water. Nitrogen 

mouoxide. 

The formation of mercnrous nitrate which is ex- 
pressed by the preceding equations occurs more 
especially when the action of the idtiic acid upon 
the mercury is effected in the cold, or at higher 
temperatures if the nitric acid be dilute. If, on the 
contmry, hot, concentrated nitric acid be allowed to 
work upon the mercury, or upon the mercurous 
nitrate already made, there is then formed, by a 
veiy energetic reaction, mercuric nitrate : 



I. 3 Hg^ + 2 NO,.O.H = 3 Hg"0 + H,0 + 2 NO 

Mercury. Mercuric oxide. 

II. 3 Hg'O + 6 NO,.Q.H = 3 Hg" j g;^^g' + 3 H,0 



2 

Mercuric nitrate. 



or: 
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3 Hg'+ 8 NO,.O.H = :} n<r" j [}^[]' + 4 H,0 + 2 NO 

Mercury. Nitric acid. Mercuric uiirate. Water. Nitrogen 

monoxide. 

If we employ the mercurous nitrate we may con- 
sider tliat at iirst a basic mercuric nitrate is pro- 
duced, which, in course of further action, is con- 
verted into a neutml salt : * 



* Salts may be regarded as derived 1) from acids by substitution 
of part or all of their . replaceable hydrogen by ba»i^ rests, and 
2) from bases b}" similar displacement of their hydrogen by 
acid rests. Wlien only a part of the replaceable hydrogen (replace- 
able in this sense) of an acid has been so replaced an acid salt results ; 
when only a part of the corresponding hydrogen of a base has been 
thus replaced sl basic salt results; when neither "basic" nor "acid'* 
liydrogen is left in the salt, then the salt is neutral. To illustrate 
these considerations we may write : 

KOH + SO.|^J{ = SOajp)^ + H.OH 

Potassium Sulphuric Acid potassium Water, 

hydroxide acid RUiphate 

(a mou-acidic base), (a dl-basic acid), (a mon-acidic salt). 

Na.OH + COJgg = COJgH^ + H.OH 

Sodium Carbom'cacid Acid sodium Water, 

hydroxide (hypothetical) carbonate 

(a mon-acidic base). (a di-basic acid), (a mon-acidic salt). 

^^"loH + NO2.OH = Pb"|^JJ^^ + H.OH 

Plumbous Nitric acid Basic lead Water, 

hydroxide (a mono-basic acid). nitrate 

(a di-acidic base). (a mono-basic salt). 

^^" 4. mi^H - ^tco-4-2noH 

^^^ \ OH OH 

Two mol. of cupric Carbonic acid Basic cupric Water. 

hydroxide (a di-basic acid). carbonate 

(a di-acidic base). (" malachite") 

(a di-hasic salt). 
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:;•) 



I- 3 1 J)|]„)o:No:+a^'<>.<>-ii + a".t> 



Mercurous nitmte. 



Kitrica<'i(l. 



Wat«*r. 



eUfr' ;<^-^'<^>. + -2 NO 



( O.TI 



Basic men'uric 
iiilnit«». 



Nitn>jr«Mi 
inoiiu\-i<U*. 



Na.OlT 

Sodium Iiy(li*(>xi(le 
(a moii-ocidic l>asc). 



+ 



uv\ 



Xa(M + 



(■hlorlmlric arid. Sodiiiiu ohiorido 
(a muuo-basic acidj. (a ueiitrai salt;. 



II.OII 
Water. 



^^ /OH 

Cupric 

hydroxido 

(a di-acidic base). 



+ 



SOa 



U)II 

) on 



Rulphiiric 

a(.'i(l 

(a di-husie acid). 



SO ^^^^'11 

Ciipric 

sulphate 

(a neutral salt). 



+ 311.011 
Water. 



Can5.oii + 



^*')()1I 



^m 



''""iKcji. + "•^>" 



Ethyl alcohol Acetic acid Acetic ethyl ether Water. 

(a mon-acidic alcohol), (a muiio-basic acid), (a neutral compound). 



From the above equations it appears that a base is j/ion-, di-, tri- 

u-acidie accordin*: as it contains one. two, three 

/I atoms of hydrojien replaceable, in the sense of these notes, by 

acid rents. (V)rresiK)n(rin.i?ly, an acid is mono-, di-, fri- 

n-basic according as it has one. two, three // atoms of 

hydrogen Teplaeeal)le hy basic rests. Generally, in o.xygen acids, 
this replaceable hydrogen is that of the Oil (hyjiroxyl) groui). I*iii 
we have also hydracids like: ITCl (mono-basic) and SHj (di-basic). 
It may be remarked that, in metallic salts, curbonic acid fnnction- 
ates as a di-basic acid, while in its etliers it ajjpcars also as tetra- 
basic: ('(OH)*. 
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II. (5 Jig" ;g;g^'-+«-No..c).ii=oiig" j y;jJo;+«H,o 

Mercuric nitrate. 

or : 



MtTcurousnitnite. Nitric acid. Mercii He nitrate. 

41I,() + 2X0 



+ 



Nitrogen 
monoxide. 



The other metals which fonn several oxidation pro- 
ducts l)ehave simihirly, as iron, tin, antimony, 
arsenic; these are at tirst converted into the Ic^wer 
oxides by moderate a(*tion of nitric acid. 

The metals and their lower oxides are not the 
only substances which we have to oxidize by nitric 
acid, in ctmrse of analysis ; most of the metallic sul- 
phides come into the same (»ategory. If the nitric 
acid employed be dilute, then the snlphnr of the siil- 
l)hide seiiaiutes as such, while the metal j^asses into 
soluthm as nitrate : 

I. 3 Pb''S + 6 NO,.O.n = 8 1I,S + 3 Pb" ^ q^q"" 

Lead sulphide. Nitric acid. Hy<lrous snliOiide. Lead nitrate. 

ir. :nT,s + 2X(),.().h = 4iU) + 2x0 + 3S 

JlydroiiH Nitric acid. Water, Nitrogen Sulphur. 

siili>hide. monoxide. 



or : 



3 Pb"S + 8 XCX.O.II =r 3 PI)" j [{-^I J 4- 
4H.,0 + !2^^() + 3S. 
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The hydrous snlpliide wlii(*h is formed at lirst is at 
once oxidized by the excess of acid i)reseiit, a re- 
action which occurs incidentally when liydrons sul- 
phide is conducted into cold, concenti-ated, or warm, 
diluted, nitric acid. By fully concentrated, especially 
I'ed fuming, nitric acid the metidlic sulphides tuv 
converted into suli)liates without sei)arcition of sul- 
phur : 

3 PbS + 8 NO,.O.H = H SO, -| ^ [ PI)' + 8 N"0 

Lead Nitric acid. Lead suli)hate. Nitrojfeii 

Bulphide. monoxide. 

+ 4I1,() . 

Even free sulphur in a finely divided state becomes 
I)erfectly oxidized to suli)huric acid by i)rolonged 
heating with very concentrated nitiic acid: 

S + 2 N(),.O.H = SO., I ^-J + 2 NO . 

Sulphur. Nitric acid. Sulpliuric acid. Nitrogen 

monoxide. 



2) Action of Chlorttydutc Acid ats^d of Dilute 

SrLnnTKio Acid. 

Chlorhydric acid [such as is kept in the bottles of 
the laboratory] is a solution of chlorhydric acid gas 
in water. * Chlorine and hydrogen are both univalent, 

* J. Thomson (Pogg. Ann. Jubelbaud, 1874, S. 135.) lias regarded 
the aqueous solution of chlorhydric acid as CIOH3 = IIoCl — Oil. 
This conception assumes a multivalenoe for the chlorine atom, even 
respecting hydrogen. Chlorine is regarded by some writers as multi- 
valent with respect to more negative elem(?nts (see formulas for 
(chloric acid, etc., ])age !;](). 
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and Hi<*refni'o run iinir<» with «»ach other in only one 
l)i'o])ortion, that of one atom of ea<»li ; the resulting 
ehlorhydric n<*i(l is a ('oh)rless gas, which dissolves 
in large qnantitit^s and with great avidity in water, 
fonning a <*olorless and, when ^'oneentitited, some- 
wliat strongly fuming solution in contact with the 
air. ( -hlorhydric a<*id works u[)on the metals much 
less enertcetii'allv than nitiic acid; onlv iron and 
zinc* dissolve in it easily ; tin, <»admium, cobalt and 
ni(*kel are it^spectively less and less soluble in it, and 
tli(» metals lead, cop|)er, bismuth, antimony, ai'senic, 
mercury, silver, gold and platinum are either al- 
together insoluble or (mlv traces of them dissolve. 
In all (»ases of solution the metal dissolves with si- 
multaneous evolution of hydrogen ; the chlorhydric 
acid is deccmiposed, whereby the metal takes the 
l)lace of the hydrogen, fomiing a metallic chloride : 



Zn" + 21IC1 = Zn"(ll, + H, 

Ilj'drogen. 



^im;. 


Chlorhydric 
acid. 


Ziiu' 
chloride. 


Sn 


+ 2IU^1 - 


= Sn"Cl, 


Till. 




Stannous 
chloride.* 



+ n. 



It is noteworthy that in all such instances only the 
lower chl()rid(»s are fomied, even when hot concen- 
trated acid is (employed, since these lower chlorides 
are not capable of decomj^osing the chlorhydric 
acid. 



■:f 



Scf note. i)5iir(' lt3. 
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The metallic oxides are mostly very easilj' decom- 
posed by chlorhydric*, acid, producing by double de- 
comi)osition a metallic; chloride and water: 



Ag,0 + 2TIC1 = 2AoCl + H,0 

Silver oxide. Silver cliloride. 

Mg"() + 2TT(!l = Ar>>"(,'l, + }!,() 

Magnesium oxide. 3TupnH'!siiiin ('hl()n«le. 



Ferric oxide. Ferric chlonde. 



Metallic suli)liides give, l>y similar treatment, 
metallic chloride and hydrogen suli)liide : 

Zn"S + 2 ITCl = Zn"Cl, + II,S 

Zinc sulphide. Zinc chloride. Hydrous sulphide. 

Sl)"'S.S.Sb"'S + 6IIC1 = 2Sb"'Cl3 + 3 H,!;! 

Antimonous Antinionous 

sulphide. chloride. 



Many sulphides, however, whi(^.li when treated to 
hot concentrated chlorhydric acid are dissolved with 
evolution of hydrogen sulphide, are not attacked at 
all by the cold, dilute acid. 

Quite similar to the action of chlorhydric acid upon 
metals is that of dilute sulphuric* acid. The metals 



u 
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cited above as soIuMp in rlilorhydric aHd dissolve 
also in dilute sulphuric acid with evolution of 
hydrogen and the fomiation of metallic sulphates : 




+ 2S0,jg;{{+ xH,0 = 



Sulphuric acid. 

+ 2 II, + xll,0 



Iv 

I 



.Pe'V ( 

Ferrous sulphate. 



81 so. 
'81 so. 



(the term xH^O is introduced into the equation 
merely to indicate dilution of the ac*id). 

The metallic oxides and some sulphides are 
changed into sulphates in a manner corresponding 
to the foimation of chlorides effected by chlorhy- 
dric acid as given above : 



s^" 1 8:11+ s<^^ 1 an = s^^ i o 1 ^'''' + 2H»^ 



Barium 
hydroxide. 



Sulphuric 
acid. 



Buriuni sulphate. 



ro.H 

Al'^ O.H 

O.H , qon ((^H - 

Al'V O.H 
^O.H 

Aluminic hydroxide. 

+ 6 H,0 



'Al'^\ - O f ^^' 



Aluniinic sulphate. 



Al 



IV 



Cd'O + SO, ] f5;JJ = Cfl" { 2 I so, + H,0 



Cadmium (»xidc. 



(^admiuiu sulphate. 
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Mn"S + SO, { [];[{ = Mil" I {j [ SO, + II.S 

Maiif?anoiis Maiifranons Hydrriiui 

sulphide. sulphate. sulphide. 



3) AcTiox OF AQrA Reoia. 

The name, aqua re«»ia, designates a mixture of one 
part of nitric acid with from two to three parts of 
chlorhydric acid. It is distinjjuislied l)y the very 
remarkable oxidizing energy with which it attacks 
metals ; even gokl and iJatinuui are leadily dissolved 
by it. The powerful oxidizing'^" ju'operty of aqua 
regia is due to tlie quantity of free chk)rine con- 
tained in it, wlii(*li is liberated by the action of the 
nitric and chlorhydric acids upon each other. This 
reaction between th(^ tw^o acids consists in the forma- 
tion of water from the hydroxyl grouj) of the nitric 
acid and the hydrogen of the chlorhydric acid, 
while hyponitric oxide, nitrosyl chloride, nitryl chlo- 
ride (0 and chlorine ai'e also X)roduced. According 
to the temperature and degi'w of concenti-ation of 
the liquor the ono or the other of the reactions 
expressed by the following equations appears to 
ensue : 

N0,.6.H + JTCl = N0,C1 + H,0 

Nitric acid. Chlorhydric Nitryl Water. 

acid. cJUonde. 

(the N0,C1 is probably contained besides XO.Cl in 
the so-called chlor-hy[)<mitric acid), 



* Sec note, pai^c 21. 
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2N0,.0.H + 21101 = NO,.O.N() + (H, + 2H,0 

113-poiiitric oxide. Chloriue. 

NO,.O.II + 3IICI = NO.Cl + CI, + 2H,0 

NItrosvI 
chloriue. 

These reactions begin at the ordinary temperature 
and (Y)ntiniie until a (*ertinn quantity of the decom- 
position pro(lii(*ts quoted have been fonned ; in con- 
sequence tlie fluid nssunies a yellow color. If the 
new products are removed by heat or by the inser- 
tion of a metal into the fluid which combines with 
the free chlorine and also al)stracts the chlorine from 
the nitrosyl chloride, the reaction between the nitric 
a(ad and chlorhydric acid is renewed until, finally, 
one of the two acids is exhausted. Generally the 
chlorhydric acid is present in excess, in consequence 
of which, ujDon evaporation of the aqua I'egia solu- 
tion of a metal, the latter is obtained in combination 
with chlorine as a metallic chloride. The decom- 
position products of the nitric acid, principally 
hyponitric oxide, nitrogen monoxide, and nitrous 
anhydiide, are set free with effervescence, as gases. 
Accordingly, it is readily comprehensible why a 
nitrate may be so easily changed to the correspond- 
ing chloride by evaporation with excess of chlor- 
hydric acid ; the nitric acid is decomposed entirely 
by a portion of the chlorhydric acid, and is evolved, 
while the base and remaining (^lilorhydric acid react 
upon eax.'li other, giving a metallic^ chloride and 
water. Inversely, metallic* (*hloiides may be con- 
verted into metallic; nitrates by evai)orating with 
nitric acid. 
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4) Action of Concentrated Sulphuric Acid. 

Sulphuric acid is a combination of the bivalent 
radical SO, (a combination of one atom of sexiva- 
lent sulphur with two atoms of bivalent oxygen) 
with two hydroxyl gi'oiips (see above, under nitric 

acid), thus: (SO,)" { ^'JJ.* It is an oily liquid, 

which evolves much heat when mixed with water. 
Under the agency of heat, especially upon boiling, 
many metals are converted into sulphates which are 
not attacked by dilute sulphuric acid; they are at first 
oxidized by a reduction of the sulphuric acid to sul- 
phurous anhydride and wat^r, and subsequently the 
oxide formed is converted into a metallic sulphate : 

I. 2 Ag + SO, { g;g = Ag,0 + H,0 + SO, 

Silver. Sulphuric Silver Water. Sulpliurous 

acid. oxide. anhydride. 

II. Ag,0 + SO, I g;g = so, { g;^| + H,0 

Silver sulphate. 

or: 
2 Ag + 2S0, 1 g;g = SO, { [];^| + 2H,0 + SO, 

Copper, mercury and bismutli behave like silver ; 
in the case of copper, however, some cupric sulphide 
is always formed. 



See note, page 11. 



48 nUK' H-Kl. > INTKiiWl i.riox. 

It shniild l»e ivniJukHd that, when zinc is treated 
In only sli<rhtly dilut*^*! siilphiirir acid, a part of the 
suljihurir ai-id is iiMlurrd ]»y the hydrogen in statu 
nanrtndl to hvdroiren .suli»hi<le : 



^^■\\)m ^ ■*"= = "'^ + 4H.0 

•Suliihunc uoi'i. HyJr.»i.t*ii. Hvilnvi-n Water. 

ftiiljiliide.* 



MANNER IX WHICH THE REAGENTS 

WORK. 

In the i»recedinfr .section we have seen how we 
may luing a metal into sohition, how we may- 
cause it to combine witli other bodies, and now 
the question would naturally arise whether it be 
possil^le or not to determine what metal is in 
solution without again sepai-ating it in the metallic 
state. The answer to this question is obvious from 
the fact tliat no two metals in solution behave, 
exactly alike ; the solutions of the different metals 
manifest different reactions. Tlie distinctions in 
this respect ar(^ often only slight, and not at all 
striking ; sometimes, however, they are very signifi- 
cant. Copper and lead, for instance, are both pre- 
cil)itatfHl from solution ])y hy(b-ogen sulphide, i)os- 
sessing a ])rownish-l)la(*k coloi*: cadmium, on the 
contrary, falls yellow; moivover, the reaction 
may not take place in very dilute solutions, or it 
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may occur even when the merest tmces of the sub- 
stance are in solution. Calcium solutions give a 
precipitate with sulphuric acid only when they are 
not too dilute, while solutions of barium, even when 
extremely dilute, yield evidence of its presence by 
the employment of the same reagent. It is further 
noteworthy that the metals, according to their 
behavior with resi)ect to ceiiain reagents, admit of 
a classification into groups, the individual members 
of which exhibit more or less of similarity in their 
deportment ; thus, many metals are precipitated 
from acid solutions by hydrous sulphide (copper, 
lead, and others), while many othei^s are not (iron, 
zinc). This principle is most advantageously applied 
in analysis by testing for the presence of whole 
groups and separating them, whereupon further re- 
search is conducted respecting their individual mem- 
bers. 

Concerning the phenomena of a reaction, the fol- 
lowing cases may be distinguished, in general : 

1) A precipitate is produced, that is to say, upon 
bringing together two clear solutions, a solid (or 
liquid) substance separates, which is insoluble in 
the surrounding liquid. In this way calcium car- 
bonate separates as a solid, insoluble substance 
when solutions of calcium chloride and sodium car- 
bonate are mixed together, causing the clear liquid 
to become opaque. If we pour water into a solution 
of chlorofoim in alcohol, this liquor also becomes 
cloudy, but the substance precipitated, in this case, 
is not a solid, but consists of innumerable minute 
drops of chloroform. If the quantity of the precipi- 
tate produced be very sliglit tlie liquid only becomes 
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rloiKly. nn«l, in ciisfs of nitnv ti-ares of a precipitate, 
f»xhil»its fnily a sllirlif opalescvnce or a bluish tint 
(as ill thi» cast* of silv«T rhloride). The physical 
ln'ojMM'ties (»f th»» }ir»M;ipirates may display very dis- 
tinctivi* chanu'teristic's. which should be noticed 
Vf»rv can»fullv; some are liocculent and verv volu- 
minims, like aliiminic hydroxide ; others ai'e almost 
transparent, tiuitt* irelatinous, and hence difficultly 
visible. Hkesili<'ica<*id ; others are pulverulent \\itli- 
our presentinir a crystallme aj^i^earance, like lead 
suli»har»»; othei-s, again, are manifestly crystalline, 
in wliirh case they exhibit, when the light falls upon 
them, especially direct sunlight, a peculiar glistening 
cause<l by the reflection of the light from the min'or- 
like faces of the minute crystals, which may often 
be easily distinguished by means of a small magni- 
fying h*ns ; such a precipitate is the double ammoni- 
um-magnesium phosphate. Still othei*s are at iirst 
amorph(»us, tlocculent and voluminous, but become 
crystalline after a time and decrease in volume to 
an extraordinary degi'ee : calcium carbonate fur- 
nishes an example of this kind of precipitates. 
Finally the solubility of the precipitates should 
be reirarded : manv are not absolutelv insoluble 
in wattM', but only difficultly soluble, in conse- 
quen<'e of which they are not produced in very 
dilute sc^lutions, «)r if jiroduced vanish again ujion 
the addition of much water: lead chloride and 
ralcium sulphate are illustrative of such. Manv, on 
the contrary, are as good as insoluble in water, as 
barium sulphate •. bur dissolve upon the addititm of 
an acid, as, f<n* instance, calcium oxalate: or ujKm 
'IhSidditiouof au alkali, as doesarsenic trisulphide: 
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or upon the addition of ammonia — for instance, silver 
chloride. Many dissolve dire(*tly in an excess of 
the precipitant, as in the case of zinc liydroxide, 
which is precipitated from solutions of zinc by 
sodium hydroxide solution, and then dissolves in 
an excess of tlie latter. 

2) A cliange of color occitrs, including tlie cases 
wliere tlie fluids which are mixed in order to pro- 
duce the reaction were colorless or colored, and 
become respectively colored or colorless, or change 
their colors. A solution of ferric chloride diluted 
so that it is colorless becomes red uj^on the addition 
of a colorless solution of potassium sulphocyanate ; 
on the contrary, the red solution of permanganic 
acid is decolorized by oxalic acid ; a gi*een nickel 
solution is colored blue by ammonia ; a red chromic 
acid solution becomes yellow by tlie action of 
ammonia, and green by the agency of alcohol. It is 
especially worthy of attention that, in cases where 
the liquor becomes very dark or quite opaque, 
one is inclined to judge that no jn^ecipitation has 
occurred ; in such instances it is necessary to con- 
vince one' s self of the transparency of the fluid by 
attentively regarding a thin film of it. 

3) Effervescence ensures. This appeaitince occurs 
only when, in course of the reaction, a substance is 
separated which, at the temperature and pressure 
then obtaining, is gaseous and is not absorbed by 
the suiTounding fluid. That much depends ui)on 

this last-mentioned condition mav be illustrated 

I. 

from the fact that dilutee sul])huric acid does not 
effervesce with sodium chlorith*, because th(^ clilor- 
liydiic acid gas which is produced is readU^ ^VN'?^^N\.\Nvji?ik 
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Most of tlie inetJiIIic suli>hi(les tlius jn'oduced nre 
insoluMe in water (and ai*e cohn'ed), lience they 
separate as in*ecii)itates when suli)liydnc aoid is 
brought into solutions of such metals. In some 
instances they are soluble in acids by which tliey are 
decomposed, yielding a metallic salt and hydrous 
sulj^hide: 



Iv 

'I'V A S 



VlVVS 

TVri'oiiH 
sitlpliklo. 



Siilpluirir acid. 




^\ +2H,S 

I'Vrroiis sulphate. 



According to this deportment of their sulphides, 
the lieayy metals adndt of division into two gi'eat 
groups : 

1) Those which are precipitated from acid solu- 
tions by sulphydric acid, and 

2) Those which are not precipitated fi*om acid 
solutions, l)ut are precii)itated f J'om alkaline (incom- 
pletely fi'oni neutral) solutions. 

The metals wdii(*h beh)ng to the first grouji, how- 
ever, are comi)Ietely i)recipitated as metallic suli)hides 
only when the solutions do not contain too miu*h fi*ee 
acid, and es2)ecially when they ai'e cold, since wai-m, 
strong chlorhydric acid and even dilute, wann nitric 
acid exert a strong solvent ac^tion ; hence, w^hen the 
above ccmditions are not fulfilled, the pi'ecipitation 
is not comj^lete. 

In many cases suli)hydri(* Jicid works also as a 
reducing ag(Mit, when sulphur is always se])arate(l. 



Siiniliii' to (lir nrtinii of IVrt* oxy<^on (se« nbove) is 
that of fjvr cliloriiiH, hroiiiine, and iodine ; with 
so])anition of sulplnii* tl»en* is fonned clilorliydric 
aoid. etc. : 



ir,S + 2(n = S + 2HC1 

Siiliihyilric Oilorine. Sulphur. Clilorhyilric 

lii'id. aci(f. 

Ferric solutions, wlien acid, are reduced to ferrous 
solutions l)y suliHiydric aci<l : 



+ 1I,S = I . I + 21101 + S 

.Fe-/tn3 ViVvci,' 

I Vrric chloride. Ferrous fhloride. 



CliTOTnio acid in acid and in alkaline solutions re- 
diu'es to (Jironiic' oxide : 



2(V'()/.(r + 311,8 = ( I )0' + 3H,0 + 3S 

( 'hroinic aiihvdrwle. Clironiic oxide. 



Arsenic acid in acid solution becomes reduced to 
arsenious acid ; chloric acid, bromic acid, iodic acid, 
the acids of manganese and suli^hnrous acid are 
likewise reduced, also nitric acid (and hence it 
liappens that a metal which is not precipitated fix)m 
i\ chlorhydric acid solution may be (completely pre- 
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cipitated from a nitric a('i<l solution, since tlie nitric? 
acid is decomposed as soon as it is libeiiited). 

2) Amvianhim Hulpli'ide^ (NlIjoS. 

Ammonium sulphide is a combination of two 
atom-gi*oups of ammonium (consisting of one atom 
of quinquivalent nitrogen combined with four atoms 
of hydrogen) with one atom of l)ivalent sulphur ; 
accordingly, its fonnnla is : 



or, shorter : Am^S, in which Am denotes the gi'onj-^ 
►or radical, NH,. The soluti(m of this compound, 
which is at first colorless, b(M*omes giudually yellow 
in contact with air; the oxygen of the aii* se2)arates 
a part of the suljAur from the ammonium with 
attendant foimation of ammonium hydroxide, which, 
however, immediately decomposes into w^ater and 
ammonia : 



Am,S + O + }!,() = 2Am.0.H + S 



Ammoniuui 
f^iilphide. 



Ammoniuni 
liydroxide. 



Am.O.II = ?sTj7 .() ji: ^ j;n^ _^ ]X^() ; 



Ammonia. 



but the separated sulphur dissolves in the still un- 
decomi)osed ammoiduiu suli)hi(le, forming a poly- 
sulphide : 



:»S • nUKrilSKI. S IVTIiOniTTlON. 

Am,S -|- S — Am.S.S.Am 

Ainiiiuniiim disulphide. 

■ 

Tlin action of anniioniuiu siiliJiide is quite similar 
to that of suli)hydi'ic acid; like the latter, it gives 
rise to metallic siil2)lii(les uixai being brought into 
(»ontact with metallic; compounds. AVhile, however, 
l)y the action of sulphydric acid an arid is set free, 
one or more hydrogen atoms rei)hicing the metallic 
atom of the salt, such is not the case when the pre- 
cipitation is effected l)y ammonium suli)hide, but 
there is formed an ammonium compound coiiv- 
sponding to th(» metallic compound e4ni)l()yed, and 
the ncMiti-alitv of 1h<» solution is maintained. The 
following eipiations ilhistnite this important distinc- 
tion between the action of suli)hy(lric acid and that 
of ammonium sulphide : 



SO, j [\ \ Cu" + 1I,S = CuS + «0, { g-g 

('ui>ri(.* sulplmtt'. Sulplmlru? Ciipric Sulphuric 

sulpliide. 



arid. sulimide. acid. 



SO, I [J I (^u" + Am,S = CuS + SO, | g* j 



A.m 
A.m 



Aininoiiiuui Ammonium 

sulpliide. sulpliate. 



2Bi"'Cl3 + :nLS = Bi"'S.S.Bi"'S + 6HC1 

Bismuth Bisimith Chlorhydric 

trichloride. trisulphide. acitl. 



2Bi"'(1, + RAni,S = Ki"'S.S.Bi"'H + OAmCl 

Ammonhiin 
('Idorid«* 



MAXKKK IX WiriCll THK KKA(iENTS WORK. 50 

In consequence of this cii'cuiustaiice that the neu- 
trality of tlie solution is undisturbed, annnonium 
sulphide precipitates those metals from neuti*al solu- 
tions completely which are pre(*ipitated by sidphy- 
diic acid only from alkaline liquors. 

Ammonium sulphide is decomposed In' acids just 
as the sulphides of those metals are which are not 
precipitated from acid solutions by sulphydric acid ; 
sulphydric acid is evolved and an ammonium com- 
pound is formed : 



Am,S + 2HC1 = H,S -f 2 AmCl 

Ammonium Ohlorhydric Sulphydric Ammonium 

sulphide. acid. acid. chloride. 



If, then, ammonium sulphide be added to an acid 
solution of a metal which is not precipitated by 
sulphydric acid, precipitation does not ensue until 
all of the free acid has been consumed in the decompo- 
sition of the ammonium sulphide, and the liquor 
has, in result of this, become neutral. For this 
reason an acid solution must be neutralized with 
ammonia or sodium carbonate before the additicm of 
ammonium sulphide. It may be remarked, inci- 
dentally, that the metallic suli)liides precipitated by 
sulphydric acid, or by ammonium sulj^hide, tend, 
for the most i^art, to oxidize readily in contact with 
air, especially when they are moist. Herel)y are 
formed, analogously to the oxidation of sulphydric 
acid itself, partly metallic hydroxides with separa- 
tion of sulphui*, and partly metallic* suli)hates. 
Since tlu* latter ar(^ niostlv soluble^ in water, a loss 
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would l)e sustained upon washing such partially- 
oxidized ])iv('ipitates with water ; such loss may be 
l)rev(^nted by th«» addition of a small quantity of 
sulphydric acid or of anmionium sulphide to the 
\vash-water. 

In some instances ammonium sulphide acts under 
a ^uise different from that just considered, inasmuch 
as instead of a metallic suli)ldde the coiresponding 
metallic hydroxide is ju'ecipitated. This is accounted 
for l)y tlie fact that the metallic sulphide In statu 
iiasnntdi reacts at once with the elements of water, 
producing a metallic hydroxide and sulphydric 
acid, which latter compound either is evolved as a 
gas or remains absorbed in the fluid. Tlie entire 
pro(*ess is completed in two phases in accordance 
with the following equations : 



I. 



/Ar^\ci, 



Aliimiiiic 
cliloride. 



+ 3Am,S = 



Ammonium 
Hulpbide. 



= (18" 



Ahiminic 
sulphide. 



+ 6AmCl 



Ammonium 
chloride. 



/Al'^AS" 
II. ( I IS'' 

\Ar^/s' 



+ 6H,0 



Aluminic 
sulpliide. 



„0.H 

an + 3H.S 

O.H 



vAl 



Aluminic 
hydroxide. 



Sulphydric 



or : 
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/Al'^Cl. " /Al'AO.H 



UJ 



+ 3Am,S + 6H,0 = 
CL 



O.Il 

O.H 

AI"/O.H 

O.H 



Aluminic Ammonium Water. Aluminic 

chloride. sulphide. hydroxide. 

+ 6Am01 + 3II,S 

Anmioiiium »Siilplij'dric 
chloride. acid. 



Ammonium sulphide suffers further employment in 
the separation of the metallic* sulphides which are 
precipitated frcmi acid solutions by sulphydiic acid. 
It has been already stated that the sulphides, like 
the oxides, are partly of an acid, partly of a basic, 
and partly of an indifferent, nature ; the iirst two of 
these classes of sulphides unite with each other, 
fonning so-called sulpho salts,* of which those with 
an alkaline base are soluble in water. In conse- 
quence of the formation of such salts, ammonium 
sulphide is capable of dissolving the sul23hides of an 
acid nature (tin, arsenic, antinumy, gold and j)lati- 
num sulphides) ; with antimony jjentasidphide there 
is foimed the compound : 



Sb^S.S3.Sb^S + 3Am,S = 2SlrS-^S.Am 



Am 
. ...Am 
( S.Am 

Antimony penta- Ammonium Ammonium sulph- 

sulphide. sulphide. autimonate. 



* See note, paire '28. 
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If ail acid be added lo an aqueous solution of such 
a suli)lio s{dt, the annnoniuni suli)hide is decom- 
posed, as already stated, and the acid sulphide sepa- 
rates out. Jf the anmioniuni sulphide j)ossesses a 
yellow color, containing, therefore, ammonium poly- 
sulphide, the solution of the metallic sulphide may 
l)e ac(*omi)a.nied by an oxidation ;* for instance, 
brown stannous sulphide does not dissolve in the 
colorless ammonium monosuli^hide, but easily in 
the yellow disulphide, forming stannic ammonium 
sulphide : 

Sn"S + Am.S.S.Am = Sn^^S { |^JJ[ 

StAniious AmmoniiHii- Aiinnonium Kiilpho- 

Kulphiile. i>olysulphi<le. stanuato. 



Finally, sodium sulphide and potassium sulphide 
are quite sinular, in their action, to ammonium 
sulphide. 

3) Potcifisitiin {or sodium) Jiydroxide solution^ 
KOII. 

This name is given to the aqueous solution of a 
compound consisting of one atom of Invalent oxygen 
with one atom of potassium (or sodium) and one 
atom of hydrogen : KO"H (or, Na.O"H). Upon the 
addition of a soluticm of potassium hydroxide to 
metallic solutions a double metathesis obtains : the 
potassium and the other metal exchange places, and 
a precipitate of a metallic hydroxide is foi'med : 



* Sfo note, ])air<'Jil. 
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'^^^" 1 aNo: + -^ '^o" 



Zn" I JJ{j +2N0,.O.K 



Zinc nitrate. 



VotAsshnn 
hyilroxide. 



Zinc 
liyili-oxide. 



Potiiittiiuni. 
nitrate. 



'AF\ 01, 



.Al'V CI. 



Aluiniuic 
chloride. 



+ 6K0n 



viO.H 

Ai'Ko.n 

A'l'VO.H 
O.II 



Aliiminic 
hj'droxide. 



Potassium 
chloride. 



Sometimes, however, these metallic hydroxides de- 
compose at once into water and a metallic oxide, 
which latter separates as such : 



I. HgTl, + 2 KOH = Hg'' [ g; JJ + 2 KCl 



Mercuric 
chloride. 




Mercuric Potassium 
hydroxide. chloride. 


II. 


He" f Oil 


- ng'o -- H,o 




Mercuric 
hydroxide. 


Mercuric Water, 
oxide. 



or: 



HgTl, + 2 KOH = ITgO + ILO + 2 KCl 



Mercuric 
chloride. 



Potassium 
hvilroxide. 



Mercuric 
<>xi«le. 



Water. 



l*()tassiuni 
i'hloride. 



('iil»ric li\<lr<>xi(l»» iiiHl»M'i::ors ;i siinilar decomposi- 
tion only lifter some time has eliipsed, or upon heat- 
inir the liipior <*ontainin<i: it. Many metallie hy- 
droxides are solnhle in iK)tassinm liydroxide solu- 
tion, tlins forminu: eomponnds of the nature of salts 
in wliieh the metallie oxide })lays the role of an 
aeitl aniiydride; t]w <*as»» of potassium zineate is 

of this sort : Zn" .v*.^ ; further instances are fur- 

nishetl by potassinni ahiminate, potassium idum- 
bite, et<*. 

Finally, it should be borne in mind that, in acid 
lic[nors, a permanent i)recipitat<*caniirst l)e obtained 
bv nutans of potassium hydroxide when all of the 
fre(» acid has b(»en saturated by this reagent. The 
behavior of sodium hydroxide is i)reeisely similar to 
that of i>otassium hydroxide. 

4) AiKiiiouiif, N II3. Ammonia is a combination of 
on<» atom of tervalent nitrogen with three atoms of 
hydrog(ai: N^'H^. At oidinary tempemtui-es it 
is a colorless gas of extremely i)ungent odor, and 
is absorlxnl in large quantities and with remark- 
{d)le (^nergy ])y water. This aqueous solution is 
emi)loyed as a reagent. The acticm of aqueous 
ammtmia ui)on the solutions of metals is varying, 
but, for th(? most part, is similar to that of potas- 
sium hydroxide ; it then comjxn'ts itself like a 
solution of anmioniuni liydroxide (XH^.O.H = 
Am.O.lI = NH., + ^TjO) and juvcipitates metallic 
hydroxides with attendant formation of ammonium 
conqjounds : 
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Lead nitrate. Animonimn Plumbous 

hydroxide. hj'droxide. 

+ 2 NO,.O.NH, 

Ammonium nitrate. 

Many metallic hydroxides dissolve in excess of 
ammonia, fonning compounds, the constitution of 
which have not been ascertained with certainty. If, 
for example, a small quantity of ammonia be added 
to a solution of coj^per suljihate there is jn'ecipitated 
at first a basic salt, which, however, dissolves with 
extraordinary readiness in an excess of ammonia ; 
the compound thus formed consists of : CuSO, + 
4NH3 + H^O ammonio-cupric sulj^hate ; other me- 
tallic oxides behave in the same way. From solu- 
tions of mercuiy oxides, ammoniacal mercury com- 
pounds are at once precii:)itated. 

Ammonia displays a peculiar behavior in another 
respect ; certain metallic oxides which are precipi- 
tated from neutral solutions by ammonia are not 
precipitated by the same reagent from acid solutions 
even when they are of themselves insoluble in 
ammonia. Magnesium oxide and those metallic 
oxides which are isomorphous with it furnish 
instances of tliis sort. The salts of these oxides 
foim with ammonium salts peculiar double salts, 
which are not decomposed by free ammonia ; the 
tendency to the fonnation of such salts is so great 
that the metallic hydroxides concerned in this matter 
dissolve very easily in the aqueous solutions of 
ammonium salts; thus, magnesium hydroxide dis- 
solves very readily in a solution of annnoniuni 
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<*lil()ri(U\ fnrnnnii: aiuiiKmiiiin-iiKi^nesiiini chloride 
and free aTunioiiia : 

M.ir" I J5j[ -f :\Amn ^ AmCl.MgTl, + 2]S'H, 

MuKiu'siiiiii Amiiioiiiuin Animoniuin AmmoDia. 

liydnixidc. cliloriilt*. iiiaKii*'Hiuiii 

rhhiruli*.* 

+ 2H,(>. 

Tli(» ])r(H'ipitati(>u of nia^iiesiuin oxide and of the 
otliei* similar ones from neutral sol utionsbv ammonia, 
thert^fore, may be (*omi)letely prevented by the addi- 
tion of a sufficient quantity of ammonium chloride; 
if the solutiim ])e acid, the first porticms of ammonia 
achled naturally serve to produce a salt of ammonium 
which itself, as just exphiined, prevents the precipi- 
tation of such oxides. In such cases it is therefoi*e 
necessary to neutralize the free acid bv sodium car- 
])onate or sodium hydroxide before adding the 
ammonia ; if ammonia be then added to this neutral 
solution, pi*eci])itati()n occurs. J3ut even under these 
cinMimstances the preci])itation is not complete, since 

* Such •• (louhlo salts" arc regarded as i)eciiliar cases of molecular 
addition. AinCl is itself a molecule in which all atomic valences 
are already saturated; the same is true of MgX'Lj, and Uiere are no 
atomic valences left for the connection of these two molecules, 
\\Iiicli are held toirether, neverlheless, I)y their molecular affinities. 
As the study of atomic valence jn-ogresses it may lu'come possible 
to do away with this conception of molecular addition and to reduce 
all compounds to the case of true atomic constitution based exclu 
sively upon the valences of the ^lementary atoms (see note on double 
cyanides, i)a.ijre 81). Indeed, at the present sta^e of our studies, it is 
evident that, whatever the connecting agency for the two molecules 
of a double salt is. its source is to l)c referred back to their indi- 
vi<lual atoms. 
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the salt of ammonium wliicli forms in the reaction 
retains a portion of the oxide in solution. 

f)) Sodium Carbonate. CO -| q ^r!! 

Sodium carbonate is tlie neutral sodium salt of 
dibasic carbonic acid ;* that is, a coml^inaticm of the 
bivalent radical carbonyl (CO)" with two atoms of 
bivalent oxygen, each of which latter atoms is con- 
nected by its renuiining valence to one atom of 

I O "Na 
sodium : CO" ^ n 'A^*i ' ^^ ^^ ^ colorless salt, easily 

soluble in water, yielding a soluticm which is of an 
alkaline reaction. When added to the soluticms of 
other metals it effects always a dou])le decomjiosi- 
tion, the sodium atoms (^hanging places with the 
atoms of the other metal : 



^^ \ 0.N0, + ^^ \ O.Na - ^^ ( O r ^' 

Lead nitrate. Sodium carbonate. Lead carbonate. 

+ 2N0,.0.^'a 

Sodium nitrate. 

2 Na.O.Ag + CO" { %ll = CO" { glig 

Silver nitrate. Sil ver carbonate . 

+ 2 NO,. O.Na 

The carbonates thus fonned, excei)ting those of 
alkalies and the thallium salt, are insoluble in 
water ; instead of neutral salts, l)asic salts are often 



* Sec note, pa.tre 118. 
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I'ornKHl, ill (MiiiseiiiUMHM^ of wliich cjirlxmiriiuliydride 
is Involved even wlien the sodium carboiuite is added 
to a perfectly neutral solution of a metallic salt : 

L^s().,jJJ|c.r -{- 2('()|J[;^';| + h.o = 

C<»|iiM'r siilphatj'. Sinlium carboiiati*. AVater. 

Basic copiKircarboiuitt*. S<Mliuiii sulpliate. Carbonic 

anhydride. 

If, however, an ex(*ess of sodium carbonate be 
added in the iirst i)lace, the . liberated carbonic an- 
hydride (h)es not escape as a <i.'as, but at once fonns 
with th(» excess of sodium carlxmate an acid so- 
dium carbonate: 

co]^§;| + co.o + ii,o = 2Cojg-g^ 

Neutrul Rcxlium Carbonic Acid Kodium 

carbonate. anhydride. carbonate. 

All carb(mates insoluble in water are dissolved by 
dilute acids, vvh(»rel)y carlxmic anhydiide is sepa- 
lated and immediately evolved in the gaseous state, 
and the salts ar(* dissolved in the liquor, \vitli effer- 
vesc(^nc(\ IIen(*e, a i)recii)itate from an acid metallic 
solution l)y sodium cai'bonate cannot be permanent 
until all of the free acid has b(.>en neutralized. 

()) Ammouinm carhonaie. CO I ^¥^ 

\ O.Am 

The composition of this salt correspcmds fully to 

that of sodium cai'lxmate; in i)lace of the two 

atoms of sodium stand the two atom-groups, NH^, 

amuionium: (^W' J q Nh' 
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The a(5tion of this reagent is quite similar to that 
of sodium carbonate, only that the amnicmium car- 
bonate is often capable of redissolving the precipi- 
tate when it is added in excess, giving rise to the 
foraiation of compounds similar to those discussed 
in the section devoted to ammonia. 

The reagents which have hitherto been considered 
with respect to their behavior are cliieHy adapted 
for the recognition of l)ases which may be present, 
excepting the potassium and sodium ])ases ^"^ suli)liy- 
dric acid alone i)recipitates scmie metallic acids from 
acid soluticms. Tlie i)resence of acids cannot be 
demonstrated by these I'eagents for the reason that 
the basic I'adicals contained in the latter foiin scilu- 
ble salts with all of the acids. All precipitates 
resulting from the employment of these reagents 
(excepting some by sulphydric acid) indicate the 
I)resence only of certain bases/- For a recognition 
of the acids,* therefore, other reagents must be 
employed which, conversely, shall, precipitate the 
acids ; to this requirement such bases respond as 
those which form a numl)er of salts insoluble in 
water. From this it is jiatent that, fundamentally, 
each reaction may be emi)loyed in a twofold sense. 



* When we test for a metal, metallic oxide, etc., as in the preced- 
ing text, we may say in general that w(; test for the b(f}<(' in contra- 
distinction to testing for the (frid, though, strictly speaking, we test 
for the metallic radical which rei)resents, or is part of, the base 
proper from which (according to note, page 88) the salt in solution 
may he regjirded as derived. It should ])e remembered that true 
bases and true acids are compounds of hydrogen. The current 
phraseology of (pialitative analysis about ti'siing for Ihr base and for 
the acid is not onlv convenient and serviceable, but in this sense 
justifiable. 
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iijiniHly, for tli»» !•<•<•( ipiition of the base concerned in 
the reaction as well as for the acid : but it is easy to 
understand tliat ^enendly the reaction need be 
cliara.(»teristic jespecting only one of tliese two direc- 
tions. 

The principal reagents employed for the determi- 
nation of acids are the tluee following : 1, barium 
chloride ; 2. lead acetate ; 8, silver nitrate. All 
three work in the same manner by double decom]X)- 
sition, through which their metals fomi insoluble 
salts with tlu» acids whi(»h are to be detennined. 
Here also the color, physical condition and solu- 
bility of the precipitates should be carefully ob- 
served. 

1 ) B<trhnn (M<)ri(h\ BaCla. 

Bai'ium chloride is a combination of^one atom 
of the bivalent metal barium with two atoms of 
chlorine. It is white, crystalline, and readily soluble 
in wat(M*. It gives precipitates wnLth the salts of 
many a(dds by double metathesis : 

Ba "CI, + SO, \ ^^l = 2NaCl + SO, j ^ [ Ba^ 

IJaiiiim Sodium Sodium Barium 

chloride. sulphate. chloride. sulphate. 

The j)r(M*ij)itates thus formed are to be tested respect- 
in<»: their solubilitv in dilute chlorhvdric, or dilute 
nitric, acid. It is necessary to emj^loy the diluted 
acids, because a solution of barium chloride gives, 
A\ith c(m(»entrated chlorhydric or nitric acid, a crys- 
talline precipitat(* of ))ariiim chloride ox barium 
nitrate, which dissolves readily n])on adding water. 
Moreover, if there be in the solution, which is to be 
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tested for an acid, oxides wliioli are pre(*ii)itated by 
chlorhydrio acid (as silver oxide), barium nitrate 
must be emi)loyed in i)lace of barium chloride, and 
the solubility of any resulting j^reciintate is tested 
with nitric acid. 
^) LeaH avcUUe., Pb" -J O.CO.CH, 

Neutral lead acetate is produced l)y the su])sti- 
tiition of the l)asic hydrogen in two molecules of 
monobasic acetic acid: CII3.CO.On by (me atcmi 

of bivalent lead : [1^*^0 J PI)" ; it i« colorless, 

i-eadily crystallizjil)le, and easy soluble in water. It' 
works precisely like l)arium chloride. The result- 
ing precipitates are to be tested as to their solubility 
in dilute nitric acid. 

3) Siltcr nilr(di\ N(),.().Ag. 

Silver nitrate is formed by substituticm of the 
basic hydrogen in one molecule of mon()))asic nitric 
acid, NO^.O.II, by (me atom of univalent silver: 
NOa.O.Ag. It is c()h>rless, crystallizes readily, and 
is easily solul)le in water. Here also, in g(meral, 
that which was stated under barium chloride lu^lds 
good. Precipitates whic^li this reagent giv(»s are t(^ 

be tested for tlu^ir solul)ilitv in nitric acid and in 

* 

ammonia; in the latter test cai*e must Ix^ taken, of 
coui'se, that no su])stances are ])resent which would 
be ijrecipitated from soluticm Ivy ammonia. 

The nine rengents which have be(»n cit(^d are so 
constxintly em])loyed that it is of im])()i'tance to 
know with pn^cision the depoitmeiit of (»;ich bnse 
and acid with n^spf^ct to tluMu ; this is nil th(^ more 
necessary since with reference to tln^m w(* divide th(^ 
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various Ixxlies int(j <i:roui)s wliicli are pi'ecipitated 
])y tlu'iu I'l'oiu solutions. K, for instance, siilphy- 
(Iric acicl (^il\»cts a l)lack jn'ecipitate in an acid solu- 
tion, the ])ies(»n('e of l(»a(l, ('o])p(»r, etc., is indicated; 
if tills rea<»:ent })ro(luct»s no i)recipitate, then the 
absence of tlios(* metals is proved. The appearances 
which w(» observe upon the employment of the other 
r(»a.LC(*nts justify similar c(mclusi(ms, which are ren- 
dered easily comprehensible by the foregoing re- 
marks. 

Tii(»r(» are still other reagents which are not capa- 
ble of such extended api)lication as that which 
charactei*izt»s those just ccmsidered ; rather are they 
employed <mly in certain cases to determme the 
l)r(»sence or absence of a substance w^itli the gi-eatest 
possible detiniteness and certainty, or to sej^aiTite 
sharply one substance from another. In many cases 
an altogether peculiar chemical i^rocess occurs in the 
reaction which makes it characteristic for the sub- 
stance under ccmsideration, while in other cases, 
on the (Hmtrary, the distinguishing characteristic 
consists exclusively in the occurrence of a precipi- 
tate, often of a pecndiar color, or in a change of color 
of the litpiid without the separation of any precipi- 
tate, while in all other respects the course of the re- 
action expi*(>ssed by formulas and equations is quite 
ordinary. As an example of the first sort of peculiar 
j-eactions mav be mentioned the brown coloration 
which nitric acid causes in ferrous soluticms ; for the 
second sort, on the other hand, the ])recipitation of 
silver hv chlorhvdric acid and soluble metallic 
chlorides; the i(^d colorati<m of ferric solutions by 
sodium acetate or potassium suli)hocyana.te, etc. 



MAXXEK IX WHICH THK KEAUKNTS WOKK. 73 

In the following, seveml reactions which are of 
frequent application will be treated in a general 
way ; the remaining reactions, on the contrary, will 
be noticed sijecially in connection with each base or 
acid. 

1) PoUififiitun rt/(tni(l(\ KCN = K-Cy. 

Potassium cyanide is a combination of one atom 
of potassium with one univalent atom-group, cyan- 
ogen, which is itself a combination of one atom of 
quadrivalent carbon with one atom of teiTalent 
nitrogen : K(C''X"') = KCy ; it is white, crystal 
line, very readily soluble in water; the aqueous 
soluti(m soon decomposes with attendant evolution 
of ammonia (and a brown coloration) : 

Kt^N + 2J1,() = H.CO.OK + NH. 

PotasHiiiii Water. Potassiiiiu Ammonia, 

cyauifle. format *\ 

the odor of i)russic acid | cyanhydric acid | is a con- 
sequence of the action of moist carlxmic anhydride : 

• 

2K('N + Jl,() + OO, ^ ^'^^loK + 3Iit'^' 

PotaHKiiim Wat«i-. CUirhonic Potassium Cyanhydric 

cyanide. nnhy<lride. carbonate. acid. 

With the salts of most of the heavy metals it gives 
precipitivtes of metallic cyanides insoluble in water ; 
these resiult from double metathesis : 

NO,.O.Ag + KCy = Ag(\v + NO,.O.K 

Silver nitrate. Potassium Silver Potassium 

cyanide. cyanide. nitrate. 

ZiiTI, 4 -iKCv -^ Zn'Cv.. + ^^ KCl 

Zinc ehluri«U'. Zinc cyanide. Potassium 

chloride. 
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Tlifstf nietJillic cyanides ai-e easily soluble in an ex- 
cess of iKitassiuni cyanide forming compounds with 
it. the so-caUed double cyanides : 

Ai.K\v t KCy - Agt^v.KCy 

Silri-r I'oiussiiiiii i$Urer-|H>tassiuui 

cyaiiiili'. i-yauiilf. cyauule. 

it Iv 

l'\' \( 'v.. / tV Acy,.4 KCv 

;: 1 ■ f- S KOv =11 
\I<V /t'y, \Ke'yCy,.4KCy 

I'Vrniii!! i-yaiii' Ic PotasKium-fen'Oua cyanide. 

(Potat(sium-f errocyanide. ) 



/ lA >" \ (' \ /Fe' "■■ \ Cy,.3 KCy 

! ■.■)'. KCv =1 

^^I'V-yCy, ' \tV^/Cy,.3KCy 

FtMTif i*>auiik'. P(itat«ium-feiTlc cyanide 

( Potassium-ferricyanide.) 

[f solutions of tlie.se and similai* double cyanides are 
bro!i<!:ht into contact with metallic solutions, pre- 
cipitates of insoluble double cvanides are formed : 

Iv 

/lvAcy.,4KCy q, 

II + 4S0, }J Cu' = 

Putassium-ferKMis cyauule. Copper tfulpUate. 

Iv 

Fe'A('v...2CiiCv.. i^K- 

II " + -iSO. X'^ 

Ve'''Ji'y...-2VnV.v.. ' ^'^ 

Cupric-lVrroiLs cyai»i<lf. Potasiyiuiii biil[ihute. 
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Fe'ACy,4 KCy , q , 

II + 2S0J^ On' = 

Pe'VCy,.4 KCv ■ ^ ' 



Fe'ACy,.2 CuCy, , ,. ^ 



Fe'70y,.4KCy 

Potassium-cupric-ferrous 
cyanide. 

Tlie chemic^al behavior of such double cviinides is 
very variable according to the metals contained in 
them. Some of them are easily decomposed by 
chlorhydi'ic acid, sulphydric acid, etc. ; others, on 
the contrary, are not. This variable deportment 
can be turned to account as a means of seimrating 
the respective metals from each other ; while, for 
instance, potassium-cupric cyanide is not decom- 
posed by sulphydric acid, this reagent precipitates 
cadmium completely, as cadmium sulphide, from 
solutions of potassium-cadmium cyanide : 

2 KCy.CdTy, + H,S = CdS + 2 KCy + 2 HCy. 

PotasHiuin-cadmiiiiu Cadmium Cyanhydric 

cyanide. Bulphide. acid. 

Cobalt and nickel furnish a similar case. Corre- 
sponding distinctions are also manifested ujDon 
treatment to chlorhydric acid and sulphuric acid; 
potassium-silver cyanide is readily deccmiposed, sej)- 
arating silver cyanide : 

KCy.AgCy + HCl = AgCy + HCy + KCl. 

Potassium-silver Chlorhydric Silver Cyanhydric Potassium 

cyanide. acid. cyanide. acid. chloride. 



Potassium-fenxms cyanide, on the eontiiiiy, is so 
changed that the i)otassium contained in it is sub- 
stituted bv hvdr()<ren : 

aft r^ 

/l-\-' \ ( •y,.4 KCy /Fe'^X 0y,.4 HCy 

) +»un = ['! ] 

' IV V ( '\ ...4 K( -v XFt^'V Cv,.4 HCv 

I*utussiuiii-fcrruus cyuuide. Chlurhydric Ferrous-c^anhydric 

acid. acid. 

+ 8KC1 

All siniplt* and double cyanides, soluble and in- 
soluble, are d(*composed by heating them with a 
niixtuiH^ of equal i)arts of sulphuric acid and water ; 
all (if the cvano<reii is converted into carbon mon- 
oxide and aiiniioiiia : 



IV- \(('N)...4K('N ,,-.„ 

II ' + 12SO, Xii + 12H,0 

Potttssium-ferrous cyanide. Sulpliui'ic acid. 



^ ^^^^ . O.K + * O ) „, + ^ ^^' I O.NII: 

PolasRium sulphate. P^erroiis sulphate. Ammouium 

sulphat<\ 

4- 12 CO 

C'urhoii inonuxi<lr. 



H,*I 
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2) Potassium 'ferrous, and potassium - ferric, 
cyanide (potassinm-ferro, and potassium-feiTi, cy- 
anide). 

These compounds belong to the double cyanides 
already mentioned, and to the more stable ones ; 
pota^ssium-feiTous cyanide crystallizes in large quad- 
ratic octohedrons,* and consists of eight atoms of 
potassium, two atoms of quadiivalent iron, and 
twelve atom-groups of cyanogen : 

Iv 

Fe^Ac\v4K0v 



Fe^7Cy,.4KCy 

Potasslum-ferric cyanide forms large red prisms, 
and is composed of six atoms of potassium, two 
atoms of quadrivalent iron, and twelve atoms of 
cyanogen : 

vi 

Fe^Acv..3KCv 



Fe^^' 



Cy3.3KCy 



The precipitates which these compounds produce in 
metallic solutions all result from doul)le metathesis, 
by which the potassium is wholly or partially re- 
placed by other atoms : 



* Stauroscopic observations made by Fr. von Kobcll, Mallard, and 
Wyrouboff have revealed the fact that potassium- ferrous cyanide is 
not optically uniaxial but biaxial, and hence cannot belong to the 
tetragonal system. These authorities regard it as monoclinic. 
(Sitzungsberichte d. k. b. Acad. d. Wiss. zu Mtinchen, 1878, 550-551; 
Ann. ohim. phys. [4] xvi, 280; xxi, 271.) 



• ll^ 



.N i>Ki:»ii'-r:Ls ixTKonrrnox. 



n 



F.V \Cv..4Krv ^ri. 
I! " + 4SO, 3 Zn' = 

Ft- /(•v,..4K('v '"* 

/ • - 

potassium -ffrn UK *'yauiili». Ziiio sulphate. 

Iv 

IV \{\.,r2 7A\Vv.. -nir 

/iii<--ri-iii>iis cyaiii<I>>. PotaHsium gtUpliate. 

>l vl 

K«''A('v,.:JKCv /Fe'Acv. .STCt. 

F(''V('v,.:{ K(lv VFe'VCv, .M'Cv. 



INitassiuin-fi'iTic cyauiilf. Nickel chloride. Nickel-ferric cyanide. 

+ OK(.'l. 

l*()tassium chlorkle. 
Iv 

Ke'A(;v.,.4 KCv , p. j 

II + 2SO,^ Cu' = 

Potassiiim-f»'rn>us cyaniile. Copper sulphate. 

Iv 

Fe'Acv„.2 Cn"Cv„ , ^ «- 

1! ■■ '■ + 2S0, g-^ 

P(.>lassiuni-cupric-feiTous Potassium sulphate, 

cyanide. 

From these equations it will be seen that all of 
the cyanogen and all of the iron contained in the 
original ferrous or ferric cyanide are contained in 
the precipitates and in the same mutual relations ; 
on this account the hypothesis has been urged that 
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ill these two cfmipouiuls fliere exist si)ecia] nidirals, 
feiTocyanogen, (Fe'Cyj''' = Ciy : Jind fenidcvan- 
ogen, (Fe'"Cyj'" = Cfdy. Both radieals have the 
same composition, hut in the first case the iron is 
bivalent, in the second tervalent ( tlie formuhis then 
become half as great as those given aboveV All of 
the reactions of potassium-ferrous and ferric cya- 
nides, however, may be just as easily explained if 
they be considered as dcmble cyanides correspcmding 
to the double chlorides, etc., as in the foregoing text.* 



* The whole subject of the ultimate constitution of many of the 
so-called double cyanides is largely a matter of conjecture. A few 
|K)ints, some of which liave developed froni recent studies of cyan- 
ogQU compounds, and which present other views concerning the 
structure of some of the compounds cited in the text, may not l)e out 
of place. 

Wc arc here more especially concerned witli the cyanogen radical, 
or rest, than witlifree cyanogen. This cyanogen radical may appear 
under a twofold guise, thus: — CzN or — N_".C. In fact, two 
series of compounds are well known containing these two different 
forms of cyanogen rests, respectively. The compounds containing 
the first form, where the carbon atom of the cyanogen group is 
directly united to the rest of the compound, K. are called normal 
cyanides or nitriles: those of the second form, where the nitrogen 
of the cyanogen group is quinquivalent, and whcjre it is joined 
directly to R, are called iso-cyanides or iso-nitriles. There is good 
reason to suppose that some of the metallic cyani<les are of the 
normal, and some of the iso-. form. The potassium compound is 
regarded as of the normal form, M — C ._N, while the silver cyanide 
i.s thought to l)e of the iso-form, 'SI — X^C. Some of the reasons 
for these distinctions are the following: If a haloid comjiound 
(CI, Br, I compound) of an alcohol radical (methyl, CH;, ; ethyl, 
C9H6, etc.) be treated to potassium cyanide, there are formed, by 
double metathesis, a potassium haloid compound, and a compound 
of the alcohol rest with a cyanogen rest of the — CeN form. If. 
however, wo employ silver cyanide instead of the potassium cyanide, 
we obtain a compound containing cyanogen of the iso-form, — N^C. 
Hence, it seems likely that, in pota^ssium cyanide, the cyanogen rest 
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In tlir section devoted to tli(» action of the thive 
^rt-nenil r*»ii<;ents for acids attention was called to the 

is pn's(>iit ill tilt' t'nriii — (' N : and in silver cyanidi*, aia — N.:C. 
Tin* ri*:icti(»ns just d<*si'nln'(I niny Ik» essentially representiid iis 
follows: 

HI _|_ K— (' -N T^ H— C - \ + KI 

A cyaiiMl*'. or 
nitrite. 

und: lU + A.ir-X~(: -^ K— N._C + Agl 

All is<">-ryaiiide. 
t)risi»-iiitrile. 

Argument for the strmture of these metallic cyanides, founded 
upon sucli reactions, is not conclusive. That these compounds of 
tlie alcohol rests witii cvano«ren arc reallv so constituted is shown bv 
their decomposition products: 

r-^c::n + '^ii.o = K— co.on + nh, 

A substituted Ammonia, 
formic acid (H— CO.OH). 

but: Il-N^C + 21I,0 - R— NHs + II— CO— OH 

An amine, or Fonnic acid. 

substituted ammonia 
(H-N1£.,». 

Finally, it is not unlikely that one and the same simple cyanide may 
isomerizo now into the one form, KCy, now ipto the other, RNC, 
under varying conditions, among which, perhaps, temperature may 
be regarded as the most important. 

A very important property of these C3'anogen rests is their tend- 
ency to polymerize, that is, to unite and condense to form a radical 
of higher molecular weight, of the same percentage composition: 
(C/,jNn)". The structure of such polymeric forms is not known with 
certainty, but a i)lausible constitution, which accords well with 
established facts, has been assigned (sec AVislicenus's edition of 
Strecker's Lehrb. der org. C'hem. 6tc Autl. S. 94): 



— C=N 

I I = (C,N,)' 
X-C— 



Dicyanopren rest 
(bivalent). 
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fact that all of the precipitates resulting from those 
tests were to be examined concerning their solubility 
in certain acids, since some of them are soluble 

r-x— 

— N-C 

IsoHlicyanogen ivst 
(liivaleiit). 

— C-N 

* X-C- = (C.'aXa)" 



— C X 

Tricyanopreii it'st 
(tervaltMit). 

CzX— 

— X--:C' = (C3X3)'" 

lK()-ti'ieyaiiop:i'ii i-esi 
(tervaleiit). 

Further, we may suppose, with reasou, that n polycyauo^en group 
occurs contaiuiu^x both the iionnal and the iso-fonn: 



— C^X 



Whatever may Ik? the ultimate constitution of such condensed 
cyanogen grou])s, it is especially important to hear in mind that for 
every single ('X group so condensing, a free valence is brought into 
the resulting polymerized product ; thus we have : 

(CX^' ; (r...X.)" (G„XJ". 

It now seems probable that, in all of the so-called double cyanides, 
the cyanogen is present in such polymerized forms. Such a concep- 
tion at least obviates the necessity of a "molecular addition" in the 
sense of that expression respecting double salts, and brings these 
under the more ordinary category of atomic constitution, based 
exclusively upon the valences of the several atoms. 

From what has heen said of j^otassium cyanid(>, and of silver 
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fluToiiK wliilo utluTs are in.solnble. The latter, iil- 
suliiMe prr('ij)itat«»s, tluTefore, may also be obtained 
by th(» addition of tht» freo acid to the metallic solu- 
tion, but tlu» former, soluble ones, eaniKJt be so pro- 
(bic«Ml. Tlie action of the acid in this ease is ba^sed 
uptm double metathesis ; the five acid added to the 
solution forms with the metallic oxide present an 
insoluble compouml, while the acid of the salt 
which was orit2:inally present is set free, and gener 
allv n^mains in solutifm: 

X(),.O.A,<r + 1101 = A^Cl + NO,.O.H. 

JSilviT nit rail'. ( 'hlorliydric Silver crhloiide Nitric acid. 

acid. (insi>liibU»). 

BaTl, + i^^>=]oI{ = SO, • § ■ Ba' + 2 HCl. 

Bai-inin Siilplniric Bariiiiu Clilorhydric 

chlorid*'. arid. sulphatt*. acia. 

( yanicU*, and of i)olym(Tizntion. the following formula for the double 
potas>siuui-silver cyanide seems plausible: 

Ag-is-O 
Ferrous-cvanlivdric acid becomes: 



(o,.iv\ — (C3N3): Ha 
I' J-(('3Nn):'"n. 
^^ /— (C,N3):"Ho 



If we substitute, in this formula, atoms of metal for atoms of H, we 
obtain the respective metallic ferrous cyanide, just as metallic 
chlorides are derived from MCI by substitution of M' for 11'. 

The metallic ferric cvanides mav be likewise regarded as derived 
from ferric cyanhydric acid of the constitution: 

vl 



/V \-(03N.,)."'H 

\ll,.iv/=(C'nN3)."'H 
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The entire process, then, consists of the exchange of 
places between the basic ]iy(lro<]:en of the julded free 
acid and the metallic atom of the snlt pi-esent. 

Similar i)rocesses may also occur without the 
formation of a precipitate, as wlien the acid which 
is added is stronger than the acid contained in the 
salt in solnti(m : a solntion of sodium aivtate is quite 
odorless, bnt if sulphuric acid be added the i)ungent 
odor of acetic acid, is at once ]^erceptib]t» ; a chemical 
reaction has taken place, of which the ])roducts are 
acid sodinm sulphate and acetic acid : 

CH3.00.().Xa + SO, [2J[ = OH^.CO.OH 

Sodium acetatt). Siilphurit* aei«l. Acetic acid. 

^^'"- I O.H 

Aciil sodium sulphate. 

If the liberated acid is more volatile than the one 
which was added, then it (in general, the more vola- 
tile one) maybe completely expelled from theresnlt- 
ing mixtnre by j)roi)er application of heat ; if the 
mixtnre of acetic acid and acid sodium sulphate be 
distilled, the acetic acid volatilizes completely, and 
may be colle(*ted in the i)roi)er apparatus. (If, on 
the contrary, the separated acid is less volatile than 
that acid which was added, the latter acid will ])e 
volatilized by subsequent heating, and the onginal 
compound regenei*at(Kl ; in this sense silicic acid 
expels sulphuric acid from potassium sulphate at the 
temperature of fusion, foiming ])otassium silicate. ) 

If, therefore, it is desirinl to ascertain whether an 
easily volatile acid Ix^ i)resent in a substan(»e, sul- 
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l)linri(* nri'l is ixmj'cd upon it, and, if necessary, heat 
is M|)[)li(Ml : an t^volution (jf acid vapors demonsti'ates 
tli«» pi'(\s('nc<» of a volatile acid. 



(MIARA(TETIISTI(J AND SPECIAL REAC- 
TIONS OF THE MOST IMPORTANT 
BASES AND ACIDS. 

In this section a suc(dnct presentation of charac- 
teristic itnictions will be ^iven, and particularly of 
such reactions as involve special chemical processes ; 
an equation for the course of the reaction will be 
<riv(Mi only in cases whei*e it is not rendered plain by 
the foreg'oini^ considerations. 

I. Bases.* 

A) METALLIC OXIDES, FROM TJIE ACID SOLUTIONS 
OF WHICH PHE(^IPITATES ARE PRODUCED BY 
STLPIIYDlilC ACID. 

a) The precipitnted metallic svlphides are insolu- 
hle in annnoniidn fiulphide. 

I ) Cupric ound^\ 

The solutions of this oxide are especially dis- 
tinguished by their behavior toward a solution of 
sodium hydroxide, solution of ammonia and ammo- 
nium carbcmate, and solution of potassium-ferrous 
cyanide. The light-blue preciijitate produced by 



* S(*o note, puffc? 69 
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sodium hydroxide solution is cupric hydroxide, 
Cu"(OH)„ which upon heating, or long stsmding. 
liberates water, and becomes black in consequence : 



3 Cn" ! R-5 = f 9. I- Cii" + 2 H,0 

Cu' 



|o:S = n„. O. C-- + 2 

(O.H 



Cupric hydroxide Copper-dicuprio hydroxide Water, 

(blue). (black). * 

With ammonia and ammonium carbonate there 
are formed at first light-blue or bluish-gi*een precipi- 
tates, which dissolve in excess of the j^recipitant 
very easily, producing a beautiful azure-blue color, 
and forming ammonio-copi)er compounds (see page 
65). Potassium-fen'ous cyanide gives, in a(*id solu- 
tions, precipitates of copper-feri-ous cyanide (see 
page 74) of a red to brownish-red color. 

2) BivniithouH (hVide. 

Its solutions are distinguished by their behavior 
toward water, by which they are j)re(»ipitated : 

I O.NO, \ O.NO, 

Bi'"-^O.NO.. f 2H..0 = Bi"' O.H 
/ 0,N0; ' { O.H 



Neutral bismuthous 
nitrate. 


Water. Basic bismuthous 

nitrate. 






2 xo,.o.n. 

>sitric acid. 




Bi"'Cl, + 


H,0 


- .Bi'"0.''01 


+ 2HC1 


Bismuth 
trichloride. 




Bismuth Chlorhydric 
oxychloride, acid, 
or Bismuthyl chloride. 



Here the water acts as a base, inasmuch as it ab- 
stracts a portion of the nitric acid rndicals from the 
bismuth salt ; but it acts also as nn acid, since its 
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»'l»*iin»nts t»nt<»r iiit«» rhf^ bjjsir salt in rlie placp of 
rlii' ncid jLTi'DUps X()...() whirli linvo lH»f*Ti <*xj)ellp(l. 
In ili«» ens** of liNmutli chloride, the (*orresi)onding 
<*ciiii|M)uii(l, Hi (Oil ),('!. a])peai's to he incapable 
nf fxist«MH'f\ dfM'oniposinsr at once into Bi"'0.(.T 
- II.O. r>isniuth <»xvrlilori(le is almost absolutely 
insohibl»» in \vat»M-, while the basic nitmte is only 
tlillicultly scijuble: hence the latter is not preeipi- 
tatiMl fn»ni smncwhat acid solutions wliieh are 
already dilute iijion the further addition of water, 
\vhili» even in such <lilute solutions a ju'eeiiritation 
inuutMliatel y ensu<\s upon the addition of some clilor- 
livdiic a<*i<l or t»f a soluble metalli(* chloride : 

15i O.II ^ IlCl r-. Hi X" +NO,.O.H + H,0 

r.M^if lii'iliiulllou'. ('lil.irlivilrh* ISisiniith Xitric aokl. >Vater. 

iiiliMli- i\f\'\. ••xyrlilorMf, 

All basic bismuth compounds are readily soluble in 
concentrate(l a<*ids : but tartaric acid does not cause 
the cloudiness occasioned by \yater in bismuth solu- 
lions to disa]>]>ear. 

^>) i.\iu im fi III n.fiih . 

For the solutions of this metallic oxide the yellow 
pi(M'i])itate, insoluble in ammonium sulphide, jn'o- 
(liu'cd by sulpliydric acid is characteristic*. The 
hv(bv)xide is soluble in ammonia, but not in sohition 
of sodium hydroxide (distinction from bismuth, 
l(»ad and zino; cadmium carbonate is likewise in- 
rolubh^ in ammonium carbonate. 

Its solutions are distiniruished from all othei's by 
their behayior toward sul])hydric acid. If this re- 



CHAllACTERTs^tlC AXD SPECIAL HEACTIOKS. Si 

agent be added in small quantities to an excess of 
the solution of the salt there is first fonned a. wliite 
precipitate insoluble in water and dilute acids, which 
becomes yellow upon furthei* addition of sulphydric 
acid, then brown, and finally black, being (converted 
into mercuric sulphide. The white precipitate which 
forms at first is a combination of mercuric sulphide 
with mercuric chloride, mercuric nitrate, etc. ; its 
formation takes place in accordance with the follow- 
ing equation : 

3 Hg'Cl, + 2 H,S = Hg" ^ + 4 HCl 

FTo-" .' '^ 
"^ (01 

Mercuric Sulphydric White Ohlorhydric 

chloride. acid. compound. acid. 

The black mercuric sulphide is insoluble even when 
boiled in dilute nitric acid (distinction from lead, 
copper, bismuth, silver, cadmium). In alkaline sul- 
phides it is insoluble ; but if some soluticm of 
sodium hydroxide be added, it dissolves. 

Solution of sodium hydroxide in excess precipi- 
tates yellow anhydrous mercuric oxide (see above).^' 
Ammonia produces white precipitates, some of 
which are soluble in excess of the precipitant (when 
mercuric nitrate is employed), others insoluble which 
contain the elements of ammonia (see above), f Thus, 
in a solution of mercraic chloride, ammonia effects 
a white, insoluble precipitate : 

Hg"Cl, + 2NH3 = NH,.Hg".Cl + NH,.C1 

Mercuric Ammonia. So-called " infusible Ammonium 

chloride. white precipitate." cliloride. 



* Under the reagent potassium (or sodium) hydroxide, page 63. 
f Under the reagent ammonia, page 65. 



Similiai" prori])irat<»s are pinxluced by the caustic 
alkalies and the alkaline carbonates when the solu- 
tion of niercuri<' oxide contains ammonium salts. It 
should be remarked that, in some respects, the 
chenii(*al behavior of a solution of mercuric chloride 
is diffei'ent from that of a solution of mercuric 
nitntte: while the latter is precipitated by sodium 
phospliat<\ oxalic arid, [)otassium-ferri(? cyanide, 
and urea, the former remains clear when these re- 
agents are applied. 

From solutions of this metallic oxide, sulphydric 
acid at once preci])itates black niPicurous sulphide, 

iig"\" 

I S". Solution of sodium hydroxide precipi- 

tates black mercurous oxide. Ammonia and ammo- 
nium carlx>nate also precipitate black compounds 
which contain the elements of ammonia. Chlor- 
hydric acid and soluble chlorides precipitate white 
mercurous chloride (calomel) in accordance with the 
equation : 

\ / " 

iigAo.No., /iifi-'Ao] 

I ' + 2H(n = I + 2NO,.O.H 

HgyO.^'O, \Flg"/('l 

Mercurous nitrate*. Clilorhydric MeriMirous Nitric acid. 

npi<l. chloride. 

this precipitate is insoluble in water and dilute acids, 
soluble in hot concentrated nitric acid or aqua regia ; 
it becomes blackened by ammonia, but is not dis- 
solved (distincti(m fi-om lead and silver). 
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6) Argentic oxide. 

Solutions of this oxide are quite shai7)ly charac- 
terized bv their reactions with chlorlivdric acid and 

t/ *. 

soluble metallic chlorides, bv whicli, even in the 
most dilute solutions, a white precipitate of silver 
chloride, insoluble in water and dilute a(?ids, is 
formed (see page 43). If the silver chloride be pre- 
cipitated in the dark it is perfectly white while 
fresh, but becomes colored violet to black in the 
light, chlorine being set free ; it is easily soluble in 
ammonia, and may readily be completely jirecipi- 
tated again from such solution by dilute nitric acid. 
In the alkaline chlorides, as well as in hot, concen- 
trated chlorhydric acid, it is somewhat soluble ; 
hence, when endeavoring to ascertain whether or not 
ammonia has extracted small quantities of silver 
chloride from a precipitate effected by chlorhydric; 
acid, the ammoniacal liquor should not be acidified 
with chlorhydric acid, since, under such circum- 
stances, small quantities of the silver chloride would 
remain dissolved. Silver chloride is soluble also in 
potassium cyanide, forming thereby potassium-silver 
cyanide ; it dissolves also in sodium thiosulphite. 

Solution of sodium hydroxide precipitates brown 
silver oxide. 

7) Plumhous oxide. 

The salts of this metallic oxide av^ also i-)recipi- 
tated by chlorhydiic^ acid and soliil)le metallic 
chlorides ; the white precipitate of lead chloride 
however, is not absolutely insoluble in water, but 
only difficultly soluble, and disappears, therefore, 
upon the addition of much water ; indeed, it is not 
produced at all in dilute solutioi.s. In hot water 
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;nid in hot conceiitratefl clilorhydric acid it is toler- 
ably soluble and ciystallizes in needles upon cool- 
ing; in dilute* chlorhydric acid or nitric acid it is 
less soluble than in pure water; ammonia does not 
dissolve it, and the jnvcipitate remains white. Solu- 
tions of this oxide are also precipitated by dilute 
sulphuric acid (see page 71) ; the lead sulphate is not 
absolutely insoluble in nitric* acid, but is precipita- 
ted from this soluti(m by excess of sulphuric acid; 
it is soluble in sodium hvdi'oxide, basic ammonium 
tai'trate, and in concenti'ated chlorhvdric acid. It 
should be mentioned that solutions of lead oxide 
containing much chlorhydric acid are sometimes 
l)recipitated red by sulphydric acid ; there is then 
fonned a compound similar to the white precipitate 
mentioned under mercuric oxide. Sodium hvdrox- 
ide solution and ammonia precipitate white lead 

hydroxide, PI)" qit ^vhich is insoluble in an ex- 

cess of the fonnei* precipitant. 

b) The ptvcipitated nudalVtc svlpliides are ffolu- 
hie hi annnoniinn suli)lh(l(\ 

The solutions of this oxide are precipitated brown 
l)y sulphydric acid ; i\w i)recii)itate of stannous sul- 
phide, Sn"S, is insolubh* in (»olorless ammonium sul- 
phide, but solul)le in th(* yellow ; the reaction liei'e 
involved has l)een already explained. All of the 
solutions of stannous oxide, and especially the 
chlorhydric acid solution or solution of stannous 
chloride, evince a strong tendency to form higher 
grades of oxidation, hence they act as energetic re- 
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ducing agente ; feme chloride becomes reduced to 
ferrous chloride, and, notably, mercuric chloride is 
first reduced to mercurous chloride, and subse- 
quently to metallic mercury : 

2HgTl, + SnTl,^^ =1 M + Sn'-'Cl, 







\Hg7cl 


• 


Mercuric 
chloride. 


Stannous 
chloride. 


Mercurous 
chloi'ide. 


Stannic 
chloride. 


and, 








/ Hg A CI 








Viigvoi 


+ Sn'Cl,* 


2 Hg + 


Su-Cl, 


3Ierciirous 
chloride. 




^lercury. 





Tills reaction is very delicate and characteristic. 
Sodium hydroxide and ammonia pi'ecipitate stannous 
hydroxide, which is soluble in ex(?ess of the former 
reagent ; if this solution does not contain too much 
of the Cciustic soda it dei)osits stannous oxide upon 
boiling. Alkaline carbonates likewise precipitate 
only stannous hvdroxide, with simultaneous evolu- 
tion of cai*])()nic anhydride (see page 67^. 

0) Stannlr oj'lde. 

From the solutions of this oxide caustic alkalies 
and their carbonates precipitate stannic hydroxide, 
Avhich is solul)le in solution of sodium hydroxide. 
The yellow to light-brown stannic suli)liide is readily 
soluble in anmionium sulphide (see page 61), but is 
insoluble in ammonium carbonate and acid potas- 
sium sulphite (distinction from arsenic). Metallic 

* Sec note, page 13. 
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zinc, in prestMicp o{ frof* rhlorhydric acid, precipi 
fates inetallir tin, which, if it be again dissolved in 
chl(>i']iydri<' a<*i(l, ^rives the reactions for stannous 
chlonde : 

Sn'^CI, + :2Zn" = Sn + 2Zn'V\ 

Staiinio Zine. Tin Zinc 

<'hU»ri»l«' chloriile. 

lO) Af'srn!of/s' o,i'lJ<' [arseiiioiis {ii)liy(lri(le|. 

Tlie pure aqueous solution of ai'senious oxide is 
not precipitated l)y sulphydric acid, but is only 
colored yellow ; the precii)itation commences im- 
mediately, however, u])on the additicm of a few 
drops of chlorhydn(? a(^id : the yellow precipitate is 
characteristic in its l)ehavior : it is readily soluble 
in ammonia, in caustic alkalies and their carbonates, 
as well as in acid potassium sulphite. The solu- 
bility of the arsenic trisuli)hide in the caustic alka- 
lies or their (»arbonates dei^ends ui)on the simul- 
taneous formati(m of a sulpho, and an oxygen, 
salt : 

( S.Na 
As'"S.S.As"'S + 4XaOH = As'"-?S.ya 

/ S.Na 

Arsenio trisulphide. Sodium liyrtroxirtf. Sodium 

sulpharseuite. 

+ As"'O.O.Na + :2H,0 

Sodium arscuite.* Wat«M*. 

If an alkaline carbonate be employed, carbonic an- 
hydride is either evolved or is retained by an excess . 
of the alkaline salt ; if chlorhydric acid be added to 
the alkaline solution all of the arsenic is re-precipi- 
tated as trisulphide (see page 62) ; but if an ammo- 
niacal solntion of silver nitrate is added silver sul- 
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phide is formed, and only oxygen salts remain in the 
liquor. The action of the silver oxide is thus shown : 

( S.Na 
As" S.Na + 8Ag,0 + H,0 = a Ag,S 
( S.Na 

Sodium Silver Water. Silver 

sulpharsenite.'^ oxide. Kulphide. 

+ As"'().O.Na + 2NaOH 

Sodium tii'senite.* Sodium hydroxide. 

The solution of tlie trisnlpliide in acid potassium 
sulphite takes place with attendant formation of 
potassium thiosulphate : 

2 As"'rt.lS.As'"S + H)5S0|Jj[^j = 4AsO.O.K 

Arsenic trisulphide. Acid potassium PotttSKium 

sulphite. + ai*senite. 

+ so, • ^^ + 3 S + 7 so, + 8 11,0 

Potassium Sulphur. Sulphurous Water. 

thiosulj>hate. anhydride. 

* It lias been «r<*m'rallv licld that ai'scnioiis acid functionates as 

iOII 
a tribasic, and as a m()nul)a^^ic. acid: As-^OII or A.s().(.)ll. In 

I Oil 

accordance with tld.»» trihasic form the corresponding siilpli-acid 

I SIl 
wouhl be, as in tlie text. As-; Sll. J. Thomsen (I)eul. ('hem. Ges. 

(SII 

Ber. vii. 935) argues tliat arsenioiis acid is dibasic, and perhaps 

monobasic. 

I Suli)hurous acid (iiypot helical) is now regarded l)y some writers 

as SOj - .v.T wlncli is a monobasic acid inasmuch as it lias but one 

hydroxy! group, but which admits of ready substitution of its re- 
mainimr atom of 11 bv ^I'. Accordingly, the salt hitherto regarded 
a.<* acid p(»ta.ssium sidphite becomes a neutral salt, while the salt 
usually called neutral potassium sulphite becomes potassium ])otas 
sium-sulphite. ('.<. a >alt of polassium^ulphurous acid. 



IM 
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By tivutinent to hydrogen hi tstatu Huscetidi (^ziuc 
Nvitli IK.'l ) nil of the oxygen of the ai'senic trioxide 
may !>♦» abstracted, the hydrogen taking its place: 



As"'O.O.As () + L:> 11 

Ai's<»niuiis oxidt*. *' HytlniKt*". 



•iAs'H, + 3H,0 

Arsenic tri- Water. 

hydride 

uVrsenuretted 

hydrojfeii*. 



1'he Joiniation of the arsenic trill vdnde in this wav 

« ■ 

is pei'fectly analogous t(.» the foiTnation of ammonia 
from nitrous acid (see page 2:2). It should be stated 
that arsenuretted hydrijgen is exceedingly poison- 
ous; if it be conducted through a tube heated to 
i*<Miness it is tltM»omi)osed into hydrogen and arsenic 
vapor. 

Ai'senious oxide may be distinguished from arsenic 
oxide l)v its l)cliavioi' toward an alkaline solution of 
copper; if arsenious oxide be dissolved in a solu- 
tion of sodium hydroxide, and a copper solntion be 
added, a solution of a beautiful blue color results, 
which, upon boiling, separates red cu^jrous oxide : 

As'O.ONa + 2XaOH + 2 Cu"(OH), = 

Sodiimi ai*seiiite. ! Sodium hydroxide. Cupric hydroxide. 



I O.Xa 
As^O - O.Na + 
/ O.Xa 



Oh' 

' lO" + 3H,0 
(!u" ■ 



SfKlium ui'seiiaic. 



Cuprous oxidt' 



Water. 



11) A/'Sc/tic o,c(</r [imsciiic anhydride |. 
A(*id solutions of this oxide are especially chamc- 
terized by their behavior toward sulpliydric acid : 



•"• See iiotu, pajre 27. f See note, page 9<5. 
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if this giis be conducted into a solution of arsenic 
oxide, there is, at first and especially in the cold, no 
perceptible reaction ; after long standing (sometimes 
from twelve to twenty-four hours), more quickly by 
heating, a pre(*ipitate forais, (consisting at iirst <»f 
sulphur, afterwards of arsenic trisuli)hi(h\ since the 
ai*senic oxide is iirst reduced by tht» sulphydric a(*id 
to arsenious oxide, Avhich is then in*e<*i pita ted as tri- 
suli)hide by the added fresh portions of the suli)hy- 
dric acid. 

Accordingly, the precipitation of arsenic acid ])y 
this reagent is ccmipleted in two i)lias(\s, and the 
pi*ecipitate, which contains iive atoms of sulphur to 
two of arsenic, is not a i)roi)er chemical comi^ound, 
but a mixture of arsenic trisuli)hi(le and of five 
sulphur in that ])roportion. The reactions occur as 
follows : 

I O.II 
I. 2As^0-0.H -r 2ILS -^ As'O.O.As'O 
/O.II 

Arsenic acid. Sulphvdric Arsiiiionso.\ul«'.* 

acid. 

-r 2 S -r T) 11,0 

Sulphur. Wat«'r. 

II. As"'O.O.As "0+:j ILS = As' 'S.S.As'S + 311,0 

Ai-Kcnious oxide.* Ai-stMiic tmuli)!!!*!*.'. 

I O.II 
or : 2 As^O - O.TI + n H.,S = A.s"'S.S. As"'S + '2 S 

lO.H ■ , 

Mi.\t'dpn;i'ipitati'. 

-I- S H,( ) 



* See note, \misv '2 7. 



Arsenic acid comix )rts itself with resx)ect to bases 
like X)li<>si)li(»ric acid, and forms, as phosphoric acid 
does, an aninioniiim-ma<rn(»sium double salt (see 
below, under pliosphoric acid). 

12) Antimonuiix n.rlilt* [antiiiionous anhydridej. 

Solutions of this oxide are distinguished by the 
orange-red ])ie<*ii)itate whi<'h suli)hydric acid effects ; 
the ])recipitate is readily soluble in anmionium sul- 
phid(\ l)ut insoluble in anini(»niuni carlxmate and in 
acid i)otassiuni sulphite (distinction fi'cmi arsenic). 
Bv caustic alkalies and their carlxmates onlv the 
antimonyl hydroxide [SbO.OH, antimonous acid] is 
l)recipitated. Water i^recii)itates the so-called pow- 
der of Algaroth (of variable ccmipositicm), or basic 
antimony clilorid<» : this reaction is the same as the 
corresp(mding one for bismuth, cmly the antimony 
l)r(H*i])itate is readily soluble in tartaric acid.* If 
the oxide be treated to nascent hydrogen, antimon- 
ui'etted hydrogen [antimony trihydride] is fonned, 
in strict analogy to the formation of arsenuretted 
hydrogen. 

* A(rc()nlin<!: to the iiinouiit of water added to a solution of anti- 
mony trichloride tlie precipitate may be as follows: 

Sbria + H.o = sbo.cn + shci 

or, by large quantities of water : 

4 SbCla + 5 1I,(.) = Sb4C:i,05 + 10 HCl ; 

l)y a great excess of water, and after longer action of the water, there 
is formed antimonous oxide* : 

2 SbCla + :J IIvO .-::■ Sb,0, + 6 HCl 

(See Sabanejew, Zeits. far ("hem. [2] vii. 204: also Menschutkin, 
Analyt. Chem. DeuMi, 4ut<,/. JSTT, S. 231.) 
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I ) METALLIC OXIDES, THE ACID SOLUTIONS OF 
WHICH ARE NOT, BUT WHOSE ALKALINE SOLU- 
TIONS ARE, PRECIPITATED BY SULPHYDRIC ACID. 

13) 2^nG oxide. 

Ammonium sulphide precipitates white zinc mono- 
sulphide from solutions of this metallic oxide, which 
dissolves easily in dilute cMorhydric acid, even 
when the acid is cold ; it is noteworthy that sulphy- 
dric acid jwrecipitates a part of the zinc from per- 
fectly neutral solutions until the free acid hereby 
produced prevents further precipitation, while, oh 
the contrary, such acid solutions as contain only a 
free organic acid (as acetic acid, lactic acid, etc.) are 
completely precipitated by this reagent. 

Ammonia precipitates zinc hydroxide, which dis- 
solves readily in an excess of the precipitant as well 
as in ammonium chloride (distinction from alumin- 
ium oxide). 

14) Manganous oxide.* 

Ammonium sulphide precipitates a flesh-colored 
precipitate of manganous sulphide, which dissolves 
easily even in acetic acid. Sodium hydroxide solu- 
tion and ammonia (if there is no ammonium chloride 
present) precipitate white manganous hydroxide, 
which, in contact with the air, is rapidly further 
oxidized, becoming darker colored and finally 
blackish-brown. The manganic hydroxide formed 
is readily soluble in a cold, concentrated solution of 

* Molecular formulas for manganous and manganic compounds 
should be written analogously to those for ferrous and ferric com- 
poimds, if it be desirable to be strictly consequential in this matter. 
(See pp. 18, 36, 45.) 
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CO. OH 

oxalic acid, [ I ' ], producing a violet-red 

CO.OH 

solution which soon decolorizes with attendant libera: 

tion of carbonic anhydride : 







C0\' 

2C0.0 + 



■0/ 1^^ - 

■o/W 




Manganic oxalate. Carbonic anhydride. Hanganous oxalate. 

If a solution of manganous nitrate, free from chlo- 
rine, be boiled with plumbic oxide [PbO J and nitric 
acid, the liquid assumes a deep violet-red color, 
due to the formation of permanganic acid : 

2Mn^|g§g« + 5Pb^^0/ + 6N0..0.H 

Manganous nitrate.* Plumbic oxide. Nitric acid. 

= 2Mn^0,.0.H + 5Pb'|g-§2' + 2H.0 

Permanganic acid. Plumbous nitrate. Water. 

15) Cohaltous oxide. 

In solutions of this oxide ammonium sulphide 
effects a black precipitate of cobaltous sulphide, 
which is almost insoluble in dilute, cold cMorhydric 

* Perhaps it would be as well, here, to write 

Iv 




in accord with the *' ous" manganese salt last mentioned, manganous 
oxalate. 
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acid (distinction from iron) ; from a solution acidi- 
fied with acetic acid it is not precipitated by sulpliy- 
dric acid. Ammonia occasions a blue precipitate, 
which dissolves easily in an excess of that precipi- 
tant ; the resulting solution is distinguished for the 
avidity with which it absorbs oxygen from the air, 
becoming brown, whereupon it is found to contain 
ammoniacal cobaltic oxide compounds. Potassium 

/Co*\Cy, 
cyanide effects a brownish precipitate, (III in 

VCo^VCy, 

cobaltous solutions, which dissolves in an excess of 

the potassium cyanide, forming at first the salt, 

8 KCy.2 CoCy,^. If the solution of this compound 

be boiled, under the addition of some solution of 

potassium cyanide, hydrogen gas is liberated and 

potassium-cobaltic cyanide is formed, corresponding 

to potassium-ferric cyanide : 

Iv. vl 

Co' Acy.,4 KCy /co' Acy..3 KCy 

II + 2H,0 =1 

Co'7Cy.,4KCy \yCo'7Cy..3 KCy 

Potassium cobaltous Water. Potassium cobaltio 

cyanide.* cyanide.* 

+ 2 KOH -f H, 

Potassium Hydrogen, 
hydroxide. 

* These complex cyanides may, and now probably should be, 
written as compounds containing cyanogen in polymeric forms 
according to note on'page 79. 

/Co' A -<^»^») •"'^« /ro« A -(CsN,) :"'K, 

/^.y \-(C3N3):"'K, , /^^ \=(C3Ni)."'K 

Vcoiv/-(('3iV3):"'K, *^^ I ljJ=(C,N,).'"K 

\^o /— (C3Ns):"'K, \^" /-(C,N,):"'K, 

Potassium cobaltous Potassiiun cobaltic 

cyanide. cyanido* 
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In cobaltoiis solutions acidified with acetic acid 
a concentrated solution of potassium nitrite, aided 
by gently warming the liquid, produces a yellow, 
pulverulent precipitate of potassium-cobaltic nitrite : 



Iv 

'Co 



''\ f ^ ( SO 
J j g { ' + 12 NO.O.K + 2 CH,.CO.OH 

Co'V { f ^^' 

Cobaltous sulphate. Potassium nitrite. Acetic acid. 



w- ( O.NO ) 
Co'A -lo.NOLsNO.OK 

O.H _i_ 9 so i O^ 

.Co'V { O.NO )■ .3 NO.OK 
(O.H 

Basic potassium-cobaltic nitrite. Potassium sulphate. 

+ 2CH,.C0.0K + 2N0 

Potassium acetate. Nitrogen 

monoxide. 

The equation indicates that the quadrivalent dia- 
tomic cobalt radical is converted into the sexivalent 
radical (since its two atoms are now held together 
by only one valence of each), and the two valences 
thus rendered available are each saturated by the 
radicals, hydroxyl, these latter being derived from 
the nitrous acid (which was liberated by the acetic 
acid), of which the other ingredients are evolved as 
nitrogen monoxide. Potassium-cobaltic nitrite is 
not insoluble in water and dilute acids, but is in- 
soluble in a liquid which contains potassium nitrite. 

16) Nickdous oxide. 

Its solutions exhibit great similarity to those of 
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cobaltous oxide in their behavior, especially respect- 
ing ammonium sulphide, inasmuch as the precipi- 
tated nickelous sulphide is just as insoluble in dilute 
and cold acids as the cobaltous sulphide is ; it is 
distinguished from the latter, however, in that it is 
slightly soluble in ammonium sulphide, especially 
when free ammonia is present, producing a brown- 
colored liquid. 

By potassium cyanide or cyanhydric acid all of 
the nickel is precipitated as nickelous cyanide, 
which is soluble in potassium cyanide ; this solu- 
tion remains unchanged by boiling, and hence, after 
boiling, may be precipitated by cMorhydric acid 
(distinction from cobalt). Nickel solutions are not 
precipitated by potassium nitrite (distinction from 
cobalt). A further characteristic for nickel solu- 
tions is the blue color produced by the solution of 
the precipitates effected by ammonia, in an excess 
of that precipitant; this solution in ammonia ab- 
sorbs no oxygen from the air. 

lY) Ferrovs oxide. 

Solutions of ferrous oxide are precipitated black 
by ammonium-sulphide (when very dilute they are 
often only colored greenish) ; the precipitate dis- 
solves easily in cold, dilute acids (distinction from 
cobalt and nickel). Caustic alkalies and their car- 
bonates produce, at first, white precipitates of 
ferrous hydroxide and ferrous carbonate, which, 
however, absorb oxygen from the air, become 
rapidly green, then dingy brown to black, and 
finally reddish-brown. Ammonium chloride pre- 
vents the precipitation by ammonia (see page 65). 

Potassium-ferrous cyanide produces in ferrous 
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solutions a bluisli- white precipitate, wMch, in con- 
tact with the air or when treated to chlorine or to 
nitric acid, assumes a very beautiful blue color. 

/Fe^^Cy. 
The precipitate is not pure ferrous cyanide ill) , 

\FeVCy. 

but, according to the varying conditions attending 
its formation, contains various quantities of potas- 
sium ; most generally it is produced in accordance 
with the following equation : 




Fe*ACy,.4KCy) 
II J+ 3 

Fe'^ Gy^AKCj) 





Potassium-ferrous cyanide. 



0(S0. 

{ 8 } «o. 



Ferrous sulphate. 



+ 



6 so 



•{8: 



O.K 
K 



Potassiiim 
sulphate. 



It 



It 



'Fe'^\Cy..4KCy 



.Fe 



\Cy,.( II ) 

/Fe\Cy. 
Fe'VCy,.( I! ) 

\Fe/Cy. , 

White precipitate. Potassium-ferro-ferrous cyanide.* 



iv 




* This is to be regarded as a compound precipitate of a ferro- 
ferrous cyanide (ferro signifying that ferrous radicals substitute the 
potassium atoms of the potassium-ferrous cyanide, or the hydrogen 
atoms of the corresponding hydrogen-ferrous cyanide = ferrous- 
cyanhydric acid) and of a ferro-potassium-ferrous cyanide (see note, 
page 79). This reaction, in the sense of these notes on cyanides, may 
then be written: 
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The equation shows that the compound is produced 
by partial substitution of the potassium atoms of 
the potassium-ferrous cyanide by quadrivalent, dia- 
tomic radicals of iron [i.e., by " ous" iron]. 

Potassium-ferric cyanide immediately produces in 
ferrous solutions, a blue precipitate, the so-called 
Berlin (TumbuU' s) blue, which also often contains 
potassium; precipitated from strongly acid solu- 
tions, it is formed as follows : 




Fe*ACy..3KCyj 
Fe»Wcy..3 KCy ) 



Potassium-feiTio cyanide. 




Ferrous chloride. 



= 12KC1 



Potassium 
chloride. 

vl 



Fe*MCy,.Cy.(Fe»" = Fe^^^Cy^-Cy/ Fe*^ 
+ ( I Cy,.Cy.(Fe*- = Fe^TCy^Cy, | i^ 
Fe*7Cy,.Cy.(Fe»- = Fe»7-Cy..CyA Fe*^ 



" Tumbull's blue." 



^® /— (C8N8y"=Ka 
Potassium-ferrous cyanide. 




SO, 

so. 

Ferrous sulphate. 



= ® SO, I Qg. 



Potassium 
sulphate. 



+ 




-(C,Ns) 






J-(C.N.)'"=/Y1 
V-(C.N.)"'=^„^ 



Ferro-ferrous cyanide. 



Ferro-potassium-f errous cyanide. 

* In harmony with the views set forth in these notes the reaction 
and compounds would be thus written: 
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Ferrous solutions are further distinguished for 
their tendency to absorb nitrogen monoxide gas, 
forming soluble, blackish-brown compounds (see 
under nitric acid). 

18) Ferric oxide. 

Solutions of this osdde are reduced by sulphydric 
acid, with separation of sulphur (see above, page 56). 
Ammonium sulphide produces a black precipitate 
consisting of a mixture of sulphur and ferrous sul- 
phide: 



vl 

FeAci. 



Fe^yCl. 

Ferric chloride. 



+ 3 Ain,S = 6 AmCl + 




Ammonium 
sulphide. 



Ammonium 
chloride. 



+ 8 

Sulphur. 



Ferrous 
sulphide. 



re V /r\ 'KT \iit xr 



Iv 



rf tT 

i»\ /Fe"\ 

\-(C,N.)"'*?/ II ) 

l=(c.N.y" - "^ i, 

,»/-(C.N.)"= /p^A 

"\ -(C.N,)"'= \Pe'V 

" ,N,)"' -^ ,„ »^ 

,N,)"'-- /Fe'A 



+ 





¥& 



i=(C,N,) 

=(c - 



12 EG 



Tumbuirs blue, or ferro-ferric cyanide {ferro 
indicating that ferrous molecules substi- - 
tute the K atoms of the original 
potassium-ferric cyanide). 
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Caustic alkalies and their carbonates effect red- 
dish-brown precipitates of ferric hydroxide. Potas- 
slum sulphocyanate imparts a dark blood-red color 
to acid solutions of ferric oxide, forming soluble 
ferric sulphocyanate by double decomposition (dis- 
tinction from ferrous oxide). 

Potassium-ferrous cyanide produces, at once, a 
precipitate of Berlin blue which, like the corre- 
sponding precipitate mentioned above, often con- 
tains some potassium. It forms according to the 
following equation : 

Iv vl 

KFe*^\ Cy ,.4 KCy ) /Fe^^X a. 



8 



CI, 



+ 



/Fe*^\Cy, • Cy,(Fe=Fe)J^Cy, • Cy,/Fe*^\ 

I J . W* • . ^ Cy;(Fe=Fe:j^Cy, • , vi Cy, | , ) 
\Fe*7 Cy,.Cy, /Fe*^\ Cy,.Cy,(Fe=Fe)*^Cy,.Cy, /Fe*^\ Cy,.Cy3 \Fe*7 



M) 



Cy, 



Berlin blue.* 



Cy, 



iJeivj 



* According to the preceding notes this would be written : 



iv 






▼1 






+ 4 



/Fc\Cl3 
\Fe/Cl3 "" 



24KCI 



Iv 




vl 



+ 




f\-(C3N,)"'= 
)-(^,N,)"'= 

e\-{C,N3)'"^ 

Fe\-(C,N,)"V 

Fe/ 

Ferri-f errous cyanide (ferri indicatins: that fe 
molecules have taken the place of the K ato 
in the original potassium-ferrowa e^oiwv^^^. 





vi 

a) 

vi 



(The constitution formulas for 
these "blues" given in the notes 
appear to be the simplest and al- 
together the best. For detailed 
discussions, see Skraup. Sitzungs- 
berichte d. Akad. zu Wien 74 [fsbe 
Abth.], S. 313; Wyrouboff, Ann. de 
chim. et de phys. [5], 8, p. 4«8. See 
also, Erlemneyer's Lehrb. der org. 
Chem. and wislicenus's edition of 
Strecker's Lehrb. der org. Chem.) 



emc 
ms 
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C) METALLIC OXIDBP, WHICH ARE PRECIPITATED 
AS HYDROXIDES BY AMMONIUM SULPHIDE EROM 
NEUTRAL SOLUTIONS. 

19) Chromic oxide. 

Prom solutions of this metallic oxide ammonium 
sulphide precipitates the hydroxide and not the sul- 
phide (see p. 60). Caustic alkalies, as well as their 
carbonates, also precipitate chromic hydroxide, 
which dissolves readily in solution of sodium 
hydroxide, but is precipitated from such solution 
by boiling. If the alkaline (green) solution of 
chromic oxide be warmed with some plumbic oxide 
[PbO,] it assumes a yellow color in consequence of 
the formation of sodium chromate : 



ro.H 

0:H 

^•g + 4Na.0.H + 3PW^O. 

o!h 

O.H 

Chromic hydroxide. Sodium PlmnMc 

hydroxide. oxide. 

= SCr-'O.jgf^ + 3Pb'|^g + 2H.O 

Sodium chromate. Plumbous hydroxide. Water. 

The plumbous hydroxide formed remains dissolved 
in the excess of alkali.* 

20) Aluminie oxide 

Solutions of this oxide exhibit great similarity to 
those of chromic oxide in their behavior ; this oxide 



* The plumbous hydroxide acts toward the sodium hydroxide as 
an acid, forming sodium plumbite. 




CHARACTERISTIC AND SPECIAL REACTIONS. 107 

is also soluble in solution of sodium hydroxide, but 
is not precipitated from the solution by boiling. 
If, however, ammonium chloride be added, the 
aluminic oxide separates as a white, gelatinous pre- 
cipitate [the hydroxide] ; this is because the sodium 
hydroxide decomposes the ammonium chloride, 
forming sodium chloride and free ammonia; sirfce 
the latter is almost wholly incapable of holding the 
aluminic oxide in solution it separates out. Small 
quantities of aluminic oxide dissolved in much soda 
lye are detected in this way with difficulty, and 
often quite elude observation, since, on the one 
hand, there is no means of determining when all of 
the free sodium hydroxide has been converted into 
sodium chloride by the ammonium chloride, and, 
on the other hand, large quantities of free ammonia 
dissolve a significant amount of aluminic oxide. A 
safer way, therefore, is to add just enough chlorhy- 
dric acid to the solution, which is alkaline with 
sodium hydroxide, to cause it to react acid, and 
then by the addition of a few drops of ammonia 
restore the alkaline reaction : 



AP\(0.Na)3 

I + 6NH,C1 + 6H,0 

APyCO.Na), 

Sodium aluminate. Ammonium Water. . 

chloride. 



AF\(O.H). 

I +6 NaCl + 6 NH. + 6 H,0 

APycO.H). 

AluminlQ hydroxide. Sodium Ammonia. 

chloride. 
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d) metallic oxides, the solutions op which 

ARE NOT precipitated BY AMMONIUM SULPHIDE, 
BUT ARE PRECIPITATED BY AMMONIUM CARBONATE. 

21) Barium monoxide. 

Solutions of this oxide are not precipitated by 
sulphydric acid, ammonium sulphide or ammonia ; 
they are precipitated by solution of sodium hydr- 
oxide only when they are rather concentrated — 
the precipitate of hydrated barium hydroxide, 

(Sa^ { OH + ^ -^•^) ' ^ completely soluble m 

much water — and by alkaline carbonates even when 
more dilute. Barium carbonate is somewhat soluble 
in water containing carbonic anhydride in solution, 
but separates upon warming the liquid, especially 
upon the addition of some ammonia. Sulphuric 
acid precipitates barium sulphate even from the 
most dilute solutions (see above, page 44) ; solutions 
of sulphates effect the same result, notably even a 
solution of calcium sulphate, which immediately 
produces a precipitate in solutions of barium. 

Silicofluoric acid produces a precipitate of barium 
silicofluoride (distinction from strontium and cal- 
cium) : 

BaTl, -f 3(HF).Si*^F, = Ba^F..Si*-F, + 2HC1 

Barium Silicofluoric Barium Chlorlnrdric 

chloride. acid. silicofluoride. acia. 

Potassium dichromate precipitates yellow barium 
chromate, which is difficultly soluble in dilute acids 
(distinction from strontium and calcium). 

22) Strontium monoxide. 

Respecting sulphydric acid, ammonium sulphide, 
caustic alkalies and their carbonates, the solutions 
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of strontium monoxide manifest the same behavior 
which has been cited for barium monoxide. Sul- 
phuric acid precipitates also solutions of strpntium 
monoxide, but the precipitated strontium sulphate 
is not quite as insoluble in water and dilute'acids as 
the barium sulphate, hence it happens that the solu- 
tion of calcium sulphate does not effect a precipitate 
at once, but only after a few minutes. Potassium 
dichromate and «ilicofluoric acid do not precipitate 
strontium monoxide solutions (distinction from 
barium). 

23) Calcium monoxide. 

Solutions of this oxide also display the same 
behavior toward the six general reagents as that of 
strontium and barium monoxides ; by sulphuric 
acid there is produced a precipitate of hydrated 

calcium sulphate, gypsum, Ca'' | q > SO, + 2 H,0, 

only this is not pulverulent but coarsely flocculent ; 
it dissolves in about 400 parts of water, much easier 
in dilute acids, but is insoluble in alcohol. There- 
fore, from moderately dilute solutions the precipita- 
tion of calcium monoxide occurs only after long 
standing (and then in distinct little crystals), and 
from very dilute solutions it is not thus precipitated 
at all. Ammonium oxalate produces a pulverulent 
precipitate of calcium oxalate which is readily solu- 
ble in chlorhydric and nitric acids, but insoluble in 
acetic acid and oxalic acid (distinction from mag- 
nesium but not from barium and strontium). 

24) Magnesium, m/moxide. 

The solutions of this oxide are not precipitated by 
sulphydric acid and ammonium sulphide, but are 
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precipitated by ammonia (distinction from barium, 
strontium and calcium) ; the pi'ecipitate of magne- 
sium .hydroxide is easily soluble in ammonium 
chloride (see above, page 66). Sodium hydroxide 
solution also precipitates magnesium hydroxide; 
sodium carbonate precipitates basic magnesium car- 
bonate, while a part of the magnesium remains in 
solution as an acid carbonate : 

6Mg'{g|sO, + 6gj;g|cO + 6H.O 

Magnesium sulphate. Sodium carbonate. Water. 

= (4Mg'jgtCD + Mg'jg;! + 4H.O) 



CO 



Basic magnesium carbonate.* 

O.H 



(O. 

to. 



^^ \ O.H 

Acid magnesium Sodium sulphate, 

carbonate. 

* As thus written, the compound appears as a mixture of a neutral 
salt and a molecule of the free base, and four molecules of water, 
i.e.f a mixture and not a true chemical compound unless we regard 
it as in the category of double salt "molecular additions" (see 
note, page 66). The magnesium compound proper, considered as a 
true basic carbonate, would be thus written: 

i^[co 



Mg 



'i 



^ <0.H 
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If the solution of the acid magnesium carbonate be 
heated to boiling, carbonic anhydride is evolved and 
the neutral carbonate is precipitated : 

Mg' I oicaai = Mg | g } co + co.o + h,o 

Acid magnesiuin Neutral magnesium Carbonic Water, 

carbonate. carbonate. anhy<lride. 

The precipitate of basic magnesium carbonate is 
easily soluble in ammonium chloride. Ammonium 
carbonate produces a precipitate in rather dilute 
solutions of magnesium monoxide only after some 
time has elapsed. Upon the addition of a consider- 
able excess of a concentrated solution of neutral 
ammonium carbonate to a concentrated solution of 
magnesium monoxide, a crystalline precipitate of 
ammonium-magnesium carbonate is formed, which 
is almost insoluble in a concentrated solution of 
ammonium carbonate : 



SO,{g|Mg' + 2C0{g;f^ 

Magnesium sulphate. Ammonium carbonate. 



_ Q^ j O.Am , Tv^ « j O.CO.O.Am 
- SO' I O.Am + ^g (O.CO.O.Am 

Ammonium sulphate. Ammonium-magnesium 

carbonate. 

Monacidic sodium phosphate effects a voluminous 
flocculent precipitate of magnesium phosphate in 
solutions which are not too dilute ; this precipitate 
becomes crystalline after a while,, and from dilute 
solutions it separates only after some time, and then 
it crystallizes out ; when freshly precipitated it is 
somewhat soluble in ammoniuna chloride, but the 
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solution soon becomes cloudy, a crystalline powder 
separating ; but if a great excess of ammonia is 
added, a crystalline precipitate of ammonium-mag- 
nesium phosphate is formed, insoluble in dilute 
ammonia : 

(O.Na 
MgCl. + P^O-^O.Na + H,N.O.H 

(O.H 

Ha^esium Diaodic, or monacidic Ammonium 

chloride. sodium, phosphate. hydroxide. 



= P^o]o}^S' + 2NaCl 
( O.NH, 



+ H.0 



Ammonium-jnagnesium Sodiimi Water, 

phosphate. chloride. 



e) metallic oxides, the solutions of which 
aee not precipitated by any of the six gen- 
bbal beagents. 

25) Potassium monoxide. 

Potassium is precipitated from its solution by 
only a few reagents. Tartaric acid produces, either 
at once or upon shaking the solution, a white, crys- 
talline precipitate of acid potassium tartrate : 

No,.o.K + (c,HAr{g8:o:H 

Potassium nitrate. Tartaric acid.* 

= (C.HA)' I coiai + NO..O.H 

Acid potassium tartrate. Kitric add. 



* The fully resolved formula is: 
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This precipitate is not insoluble in water, and there- 
fore is not produced in dilute solutions ; it is still 
more soluble in dilute acids, but is precipitated from 
such solutions by careful addition of sodium hydr- 
oxide solution. The reaction is more delicate when, 
instead of tartaric acid, a concentrated solution of 
acid sodium tartrate is employed. Further, acid 
solutions, especially chlorhydric acid solutions, of 
potassium monoxide are precipitated by platinic 
chloride; the crystalline precipitate is potassium- 
platinic chloride : 2 KCl.Pt^^Cl,, difficultly soluble 
in water and dilute acids, insoluble in absolute 
alcohol. 

26) Sodium monoxide. 

Solutions of this oxide are precipitated neither by 
the six general reagents, nor by those special ones 
which precipitate potassium. It is best recognized 
by the extremely intensive and characteristic yellow 
color which it imparts to the colorless flame of a 
Bunsen burner.^ 

27) Ammonia. 

Although this is no metallic oxide, it should find 
mention here nevertheless, since its compounds are 



CO. OH 
OH 
OH 
OH 



CH.« 
CH.< 
C0.( 



(a dibasic acid, only the H atoms of the groups CO. OH being re- 
placeable by metals to form salts). 

* Of course, any hot, colorless flame will answer the purpose. A 
good alcohol flame gives the test very satisfactorily. 
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SO similar to those of potassium and sodium mon- 
oxides in their behavior. It is precipitated just as 
potassium is, and by the same reagents ; it is 
characteristic for its salts that they are all volatile, 
excepting those salts of acids which are not volatile 
even upon ignition. Another distinguishing mark 
is that they all emit the characteristic odor of 
ammonia when treated to soda lye, even in the cold. 
Moreover, gaseous ammonia forms white* clouds 
with chlorhydric acid vapors, and renders reddened 
litmus-paper blue. 



II. Acids. 

a) oxygen acids. 

a) Solutions of their neutral salts are precipi- 
tated hy harium chloride. 

1) Sulphuric dcid. 

For sulphuric acid, and for sulphates, the precipi- 
tation by barium chloride, and by lead acetate is 
characteristic (see pp. 70-71). Upon concentrating 
free sulphuric acid by evaporation it chars organic 
substances like paper, sugar, etc., very easily. 

2) Thiosvlphuric add. 

The salts of this acid yield precipitates with 
barium chloride, lead acetate and silver nitrate; 
the barium thiosulphate is soluble in much hot 
water ; the lead and silver salts are readily soluble 
in sodium thiosulphate. It is characteristic for this 
acid that it cannot exist in the free state ; if other 
acids, as chlorhydric, sulphuric acid, etc., are add- 
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ed to solutions of its salts the acid decomposes, 
thus : 



S 



^O^S^jgg = so. + S + H.0 

Thiosulphuric Sulphurous Sulphur. Water, 

acid.* anhydride. 

The thiosulphate salts of the heavy metals, espe- 
cially the silver salt, decompose easily, upon being 
warmed or upon long standing beneath the surface 
of the liquid from which they were precipitated, 
into sulphuric acid and metallic sulphide : 

gvios' jg-;|| + H.0 =.so, jg;| + Ag.S . 

Silver Water. Sulphuric acid. Silver 

thiosulphate.* sulphide. 

With ferric chloride, the aqueous solutions of 
thiosulphates give a violet-red color which vanishes 
gradually, tetrathionic acid being formed : 

vl !▼ 

Ferric chloride. Sodium thiosulphate.* Ferrous chloride. 

+ X[ + 2NaCl 

Sodium tetrathionate.t Sodium chloride. 



* The more plausible formula for this acid is that given by the 

OH 

t The constitution formulas generally accepted for the polythionic 
acids at the present time are : 
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The red coloration disappears more rapidly iij)on 
the addition of a trace of copper sulphate. 
3) Chromic acid.* 

S^K),.OH 
S^O,.OH 

Dithionic add. 
8^0,. OH 

S^Oa.OH 
Trithionic acid. 

•i- 

8^,. OH 
Tetrathionic acid, etc. * 

In accordance with these formulas and the one given by the author 
for thiosulphuric acid on page 93, this reaction becomes: 

▼* ar. ^ O.Na ar. < O.Na 



/Fe>A Cls ^^' \ S.*Na ®^« \ 8 

VfU/c13 "^ go, i 8.Na " so J ^ 



^^^ \ d.Na ®^« I O.Na 



+ (Y ) ' + 2Naa 



(Fe'ACl. 
Fe»VCla 



* Acid chromates in the proper sense of the term, i.e., with OH 
groups of the original acid still present in the salt, are not known. 
Under ordinary circumstances, it appears that hydroxyl, OH, can- 
not maintain a direct union with the radical CrOa. Those chromates 
sometimes called acid chromates, but oftener bichromates or di- 
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All of the salts and solutions of this acid are 
yellow or red ; a further characteristic is the facility 
with which chromic acid may be reduced to chromic 
oxide, whereby the color of the liquid becomes 
green. If sulphydric acid be conducted through a 
chromic acid solution, the latter turns green and, 
simultaneously, becomes cloudy from the sulphur 
which is separated (see page 56); if a chromate salt 
be boiled with concentrated chlorhydric acid, chlo- 
rine is evolved and chromic oxide is formed (see 
below, under chlorhydric acid) ; if, finally, organic 
substances are boiled with a chromate and dilute 
sulphuric acid, the chromic acid is likewise reduced; 
for example, by alcohol : 

4CrO, j g;| + 10 SO, { o H + ^ CH..CH,.OH 

Potassium chromate. Sulphuric acid. Ethyl alcohoL 

= 4SO.{gi+2(;jJj8(sO. 

SO. 




8! 



Potassium sulphate. Chromic sulphate. 

+ 3 CH,.CO.OH + 13 H,0 

Acetic acid. Water. 



chromates, are salts of dichromic acid (not known in the free state), 

CrOa.OH 

A 

CrO,.OH 

Q^ is not known in the free state, nor 
a proper acid salt of it. 
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4:) Ca/rhonic acid.* 

The salts of this acid are characterized by the 
energetic evolution of gas (carbonic anhydride) when 
they are brought into contact with dilute mineral 
acids [inorganic acids] ; the gas itself is odorless, 
colorless, neither combustible nor capable of sup- 
porting combustion ; it reddens moist blue^ litmus- 
T^per feebly, and produces in lime-, or baryta- water, 
white, flocculent precipitates of calcium carbonate 
or barium carbonate, respectively. 

5) Silicic acid.f 

This acid is chiefly characterized by its behavior 
in the free state as it is separated from its com- 
pounds by stronger acids. If a silicate salt be 
decomposed by a small quantity of concentrated 
acid, there is obtained a stiff. Jelly-like mass of 
silicic acid, which partially dissolves upon being 
boiled with much water (it is seldom that the silicic 
acid separates out as a powder). If a large quantity 



It 

* Carbonic acid appears as a dibasic acid, C0(0H)9, in the 

It 

mineral kingdom. Its anhydride, COa, has been currently called 
carbonic acid, which appellation has now become a misnomer, since 
acids are hydrogen compounds. In organic compounds carbonic 

It 

acid appears not infrequently as a tetrabasic acid, C(0H)4. 

fv 

f Silicic acid functionates both as dibasic, SiO(OH)s, and as 

Iv 

tetrabasic, Si(0H)4, in both organic and inorganic compounds. 
Possibly it has, in complex molecules, still higher basicities. It is 
difficult to obtain free' silicic acid of constant composition, but the 
jelly-like product obtained by decomposing silicates by acids is, 
after cautious drying over HaS04, approximately SiO{OH)2. The 
anhydride of this acid, SiOa, has been commonly called silicic acid, 
just as COa has been called carbonic acid. * 
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of a dUute acid be employed for the decomposition 
of the silicate (especially in the case of a solution 
of an alkaline silicate), the liberated silicic acid may 
remain wholly in solution, and by evaporating to a 
certain degree of concentration the entire liquid be- 
comes solidified to a jelly. If this jelly-like silicic 
acid is dried upon the water bath it is rendered in- 
soluble in water, but still may be easily dissolved 
by boiling with a solution of sodium ca!rbonate. 

In fluorhydric acid silicic anhydride is readily 
soluble, and the solution volatilizes, leaving no resi- 
due, since the silicic anhydride is converted into 
silicic fluoride gas, which is evolved : 

Si^-0. + 4HF = Sr^F, + 2H.0 

Silicio Fluorhydric Silicic Water, 

anhydride. ado. fluoride. 

6) Phosphoric add.* 

Phosphoric acid displays certain peculiarities 

* The phosphoric acid of the text, the tribasic acid, is often called 
or^^phosphoric acid in distinction from meto-phosphoric acid, 
which is monobasic, corresponding to nitric acid: POa.O.H. 

Diphosphoric acid, often called pyrophosphoric acid, is derived 
from condensation of two molecules of tribasic phosphoric acid, with 
elimination of one molecule of HtO, thus: 

P^O^ OH P^O J9S 

<\0H \i . „^ 

P^O \ OH P^/Q i ^5 

(OH < ^H 

The formula indicates that it is tetrabasic. Corresponding to diphos- 
phoric acid we have disulphuric acid: 

8^*0,. OH 
>0 
S'*O..OH 
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which result from its constitution. It is tribasic, 
i.e., contains three hydroxyl groups, whose hydro- 
gen atoms may be replaced by metals, and apcord- 
ing as one, two, or three of those hydrogen atoms 
are so substituted, three diflEerent series of salts are 

formed: 

(O.H 

(O.Me 

Diaddic metallic phosphate. 

(O.H 
(P'O)'" \ O.Me 
( O.Me 

Monaddic metallic phosphate. 

( O.Me 

(P'O)"' \ O.Me 

(O.Me 

Keutral metallic phosphate. 

(The customary, but erroneous terminology for these 
series has been, acid, neutral and basic phosphate). 
The salts of the first of the above series are all 
soluble in water, but this is true of only those salts 

(not to be confounded with dithionic acid) and dichromic acid: 

CrO,.OH 
>0 
CrOa.OH 

this dichromic acid is known only in its salts (see note, page 116). 
Salts are known which are derived from acids resulting from still 
higher- condensations of both forms of phosphoric acid and of 
phosphorous acid. 
Phosphorous acid is dibasic: 

Hypophosphorous acid is monobasic: 

HaP^O.OH 
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of the second and third series which are salts of an 
alkaline base. If salts of the second and third series 
be treated to acids they dissolve, in most cases, 
whereby a salt of the first series is produced : 

(0.H 
(O) , P'0]0.H 

2 P'O ] O L + 2 NO,.O.H = j 5; I Ca' 

' ^-^ P'O \ 0.H 

|0.H 

Monaddio calcium phosphate. Nitric acid. Diacidic calcium phosphate.* 



+ ^* |0.N0. 



Calcium nitrate. 



PO-^Of^* PO^O.H 



O 
O 



Ba' + 4HCa = 1 rt [ Ba' + 2Ba'Cl, 



"I' 

O.H 



PO-(OU, PO 

O J ^* ( O.H 

Neutral barium I>iacidic barium Barium 

phosphate. phosphate.* chloride. 

* It might be urged that, according to note on page 88, these two 
salts are tetracidic since they contain four atoms of hydrogen 
replaceable by basic radicals. From the constitution of phosphoric 
acid it will be seen that it is impossible to form a diacidic salt from 
a bwalent metal and one molecule of the acid, since there would 

result: P0-{ O^ , a monacidic salt Hence we have to em- 
(O.H 

ploy two molecules of the acid which gives, rqferred to each single 

mideeule of the acid used, a diacidic salt; thus we have: 

O.H 
PO-JO.H 



O.H 
O.H 



Me" 
PO 
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(O.Na 
PO \ O.Na + 2 SO 
(O.Na 

Neutral sodium Suli»huric add. Diacidic sodium 

pho^ihate, phoqdiate. 




+ 3S0.{g;g' 



O.Na 
0.H 

Add sodium sulphate. 



Since all of the salts of the first series are soluble, it 
follows that none of them can be obtained as pre- 
cipitates by double decomposition; this may be 
done, however, with the salts of the last two series. 
The alkaline phosphates of the third series precipi- 
tate simply salts of the same series, from neutral 
solutions: 



' ^"^ I S"i + ' ^^' i o:no: 




(O.Na 



Neutral sodium Lead nitrate. Neutral lead 

phosphate. jdioflphate. 

+ 6 NO..O.Na 

Sodium nitrate. 

It is otherwise with the alkaline salts of the second 
series ; these precipitate sometimes a monacidic salt 
and sometimes a neutral salt; the latter result 
obtains more especially in the case of the heavy 
metals. The reactions occur as follows : 



(O.Na 
PO \ O-Na + Ca'Cl, = 
|0.H 


Pojo [^^' + SNaCl 


Monacidic sodium Calcium 
phosphate. chloride. 


Monacidic calcium Sodium 
phosphate. chloride. 
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and 

( O.Na ( O.A« 

PO \ O.Na + 3 NO..O.Ag = PO \ O.Ag 

I O.H I O.Ag 

Monacidio Silver nitrate. Neutral silver 

sodium phosphate, 

phosphate. 

+ 2 NO..O.Na + NO..O.H 

Sodium nitrate. Nitric acid. 

The formation of the neutral phosphate is a con- 
sequence of the substitution not only of the two 
sodium atoms of the sodium salt by silver atoms, 
but also of the hydrogen atom by silver ; this cir- 
cumstance is .a striking bit of evidence that this 
hydrogen atom exerts the same chemical function 
as that exerted by the two sodium atoms, i.e. is of 
basic nature; it is seen from this, moreover, that 
true acids, as nitric acid, in the above equation, are 
essentially salts, in which the hydrogen exerts the 
same chemical function as that exerted by the 
metals in metallic salts. Naturally, that which has 
been stated and illustrated for phosphoric acid 
holds good also for the monobasic and dibasic acids, 
which contain respectively one and two hydroxyl 
groups, whose hydrogen atoms are readily replace- 
able by atoms of metals. 

With an ammoniacal solution of magnesium mon- 
oxide there is formed, by monacidic sodium phos- 
phate, a white, crystalline precipitate of ammonium- 
magnesium phosphate (see page 112); arsenic acid 
produces a quite similar precipitate of ammonium- 
magnesium arsenate, from an acid solution of which, 
however, sulphydric acid precipitates arsenious 
sulphide [As,S, or As^S,]. Ferric chloride gives a 



124 dbeohsel's urrBODUcnoH. 

yellowisli-wliite precipitate of ferric phosphate, 
easily soluble in cMorhydric acid, somewhat soluble 
in a solution of ferric acetate, but insoluble in acetic 
acid. 

If to an acid solution (best, nitric add) of a phos- 
phate salt a nitric acid solution of ammonium molyb- 
date in considerable excess be added, there is formed, 
more quickly by heating gently, a light yellow, 
pulverulent precipitate, consisting of molybdic an- 
hydride, ammonia, phosphoric acid (it contains 
about three per cent, of phosphoric anhydride) and 
water. The chemical constitution of this compound 
is not known with certainty ; it is somewhat soluble 
in water and in dilute acid, especially phosphoric 
acid ; it is readily soluble in alkalies, but completely 
insoluble in acid liquors containing molybdic acid 
and ammonia.^ 

7) OqgoUg acid. 

For this acid the following reactions are important 
and characteristic. If oxalic acid (or one of its salts) in 
the dry state be heated with concentrated sulphuric 
acid, an evolution of gas soon ensues ; if this gas be 
conducted into lime-water a white flocculent preci- 
pitate is produced (calcium carbonate) ; if the gas 
be collected over soda lye [strong solution of sodium 



* Debray (Bull. Soc. Ghim. [2] X. 369) has assigned the f oimula 
for the compositioii of this compound: 

2 P^0(0.NH4). . 30 MoO. + 8H,0 

But C. Rammelsberg (Berlin Akad. Ber. 1877, 578) hai later uiged 
the formula: 

SR'aO + P,0, + 22MoO, + 12H,0 
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hydroxide] the carbonic anhydride is absorbed and 
a gas remains which, when ignited, bums with a 
blue flame ; this gas is carbon monoxide. The de- 
composition of oxalic acid is completed as follows : 



i 



eo.o.H 

= CO + CO.O + H,0 
0.0.H 

Oxalic add Carbon Carbonic Water. 

monoxide. anhydride. 

Salts of this acid, oxalates, decompose similarly : 

I = CO >{-^ + CO 

CO.O.K < ^-^ 

Potassium Potassimn Carbon 

oxalate. carbonate. monoxide. 

CO.O) 



VMg* = MgO + CO.O + CO 
CO.O ) 

Magnesimn Magneidnm Carbonic Carbon* 

oxalate. monoxide. anhydride. monoxide. 

with salts of certain of the heavy metals, however, 
reduction occurs: 

CO.O 

■ Fe^ = Fe + 2 CO.O* 



CO.O 



Ferrous oxalate. Iron. Carbonic anhydride. 

* In harmony with the equations previously given for iron re- 
actions, this one might be written: 



CO O *▼ 

I -^^ /Fe»'" 

CO.O—/ 
CO.O— I 

io.O-\F 



e 



= Pe, + 4 CO.O 
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By oxidation oxalic acid is converted into carbonic 
anhydride, as when it is heated with dilute sulph- 
uric acid and manganese dioxide : 

CO.O.H / ^ TT 

CO OH ^ "-^ 

Oxalic acid. Sulphuric acid. Manganese dioxide. 

= 2 CO.O + SO, I § I Mn' + 2 H,0 * . 

Carbonic Manganous sulphate. Water, 

anhydride. 

Solutions of oxalic acid and of alkaline oxalates 
are precipitated by calcium chloride ; the precipitate 
is calcium oxalate, which is practically insoluble in 
acetic acid and in oxalic acid but is readily soluble in 
chlorhydric acid or nitric acid ; it is therefore pre- 
cipitated from this latter solution by addition of 
sodium acetate, since in place of free nitric acid 
there is produced free acetic acid, which is not a 
solvent for the precipitate. 

8) Boric acid,f 

Of the salts of this acid only those of alkaline 

* We may consider two phases of this reaction, separately: 

(OH /^^''\lo[S0. 

I. 2 SOa \ X-5 + 2Mn*'0a = ( || ) X -f 2 H.O H- 0« 



and, 






CO.O. 

n. 2 



CO.O. 



H 
H + 



Oa = 2H,0 + 4 CO.O 



f Boric anhydride is B^Os . Boric acid assumes yarious guises. 

Its most simple form appears to be BO. OH, which may be regarded 

(OH 
as the first anhydride of the form B < OH . These formulas show 

(OH 
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bases are soluble in water ; if a concentrated solution 
of such be mixed with strong chlorhydric acid, boric 
acid crystallizes out. This precipitate is soluble in 
hot water and crystallizes out again upon cooling. 
If silver nitrate be added to a concentrated solution 
of an alkaline borate, a white precipitate of silver 
borate is produced ; nevertheless, a dilute solution 
of alkaline borate yields a brown precipitate of 
argentic oxide, the water acting as a base with re- 
spect to the boric acid. 

b) Solutions of their neutral salts are rvot precip- 
itated hy barium chloride. 

9) Nitric add. 

All salts of this acid, with the exception of a few 
basic salts, are soluble in water. The behavior of 
nitric acid toward the metals has been already dis- 
cussed at length ; in order to recognize its presence 
in such combinations it is set free by the addition 
of concentrated sulphuric acid, and a piece of clean 
metallic copper is immersed in the liquid, whereupon 

that the first acid is monobasic, the second tribasic. The tribasic 
form is especially frequent in organic compounds. Most of the 
common inorganic borates are salts of a complex boric acid, which 
may best be regarded as formed by the union of several molecules of 
the anhydrides of the tribasic acid. Common anhydrated borax is 
the sodium salt of such an acid, the composition of which admits of 
more than one interpretation respecting its constitution; one of these 
which seems plausible is : . 



(b"<^: 



;>B ' r— O.Na 

/b"<3>B'" )"— O.Na 

The corresponding acid may be regarded as derived from condensa- 
tion of four molecules of the tribasic acid, B(0H)8, by elimination of 
five molecules of water and union of the rests. 



128 dbechsel's i:firrBODUCTiOK. 

an evolution of nitrogen monoxide occurs. The 
most delicate, and at the same time most character- 
istic, reaction for nitric acid is the brown coloration 
which it produces when mixed with ferrous salts. 
If to such a ferrous solution (acidified) nitric acid be 
added, and the mixture warmed, the liquid becomes 
colored dark brown to black, at first ; suddenly, 
however, an energetic evolution of gas commences 
(nitrogen monoxide) and the liquid assumes a light 
reddish-yellow color, becoming transparent, when it 
contains only ferric oxide in solution. In this oxi- 
dation the following reaction occurs : 

Iv 

Fe' A I S I SO. ( ^ XT 

+ 3 SO. j 5g + 2 NO..O.H 




Sulphuric acid. Nitric add. 

SO. 



VI .0 



= 2 NO + 4 H.0 + 3 ( I I I g pO, 

§}so. 

Nitrogen monoxide. Water. Ferric sulphate. 

Before the commencement of the reaction the sub- 
stances in the left-hand member of the equation were 
present; after its completion, those of the right- 
hand member ; during the reaction, however, all of 
the substances of both members of the equation must 
have been present, and under these circumstances 
the nitrogen monoxide, already formed, combined 
with the as yet unoxidized portion of the ferrous 

* See note, page 6. . 



\ 
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salt, forming the compound soluble in water with 
the dark-brown color ; if, later, the ferrous oxide of 
this newly-formed compound becomes oxidized, the 
liberated nitrogen monoxide must escape as gas — 
the fluid suddenly froths. In order to recognize 
nitric acid by means of this reaction the best method 
of procedure is to mix the solution to be inspected 
with an equal volume of pure, concentrated sulphu- 
ric acid and then to carefully pour upon *this hot 
liquid a layer of a solution of ferrous sulphate. If 
nitric acid be present, there is formed, either at once 
or after a little while, a brown ring where the two 
layers of liquids are in contact. 

Heat eflPects the decomposition of aU nitrates; 
alkaline nitrates give oflf oxygen at first, and a 
nitrite salt is left : 

NO,.O.K = NO.O.K + ; 

Potassium nitrate. Potassium nitrite. Oxygen. 

afterwards this nitrite is partially decomposed ; the 
other nitrates yield oxygen and nitrous anhydride 
or hyponitric oxide, leaving a residue of an oxide, 
dioxide, etc, (manganese) : 

Pb' j g;§^g' = PbO + NO.O.NO. + O . 

Flumbousnitrate. Plumbous oxide. Hyponitric oxide. Oxygen. 

10) Chloric acid. 

All of the salts of this acid are also soluble in 
water. By the agency of heat, most chlorates give 
oflf all of their oxygen, a metallic chloride remain- 
ing: 

C10;.0.K = KCl + 0. 

Potassium Potassitun Oxygen, 

chlorate. chloride. 
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Others yield oxygen and chlorine, a metaUic oxide 
resulting: 

^«'loC10: = ^erO + 60 + 2C1. 

Hacneaium MagnMtam Ozjgten. Chlorine. 

chlcHmte. 



monoxide. 



Still others decompose according to both equations. 
The alkaline chlorates decomi)ose first into metallic 
chloride, a perchlorate salt and oxygen : 

2CrO..O.K = C1^^..0.K + KCl + O. 

Potassium Potassium Potassium Oxygen, 

chlorate. perchlorate. chloride. 

but this perchlorate decomposes afterward into 
metallic chloride and oxygen. 

Chlorhydric acid decomposes chloric acid (and its 
salts) as follows : 

6 C10,.0.K + 10 HCl = 

Potassium chlorate. Chlorhydric acid. 

6 KCl + 4 CI + C1,0,. 2C1.0. + 5 H,0 . 

Potassium Chlorine. Chlorous-chloric Water. 

G^oride. anhydride. 

When treated to concentrated sulphuric acid, chloric 
acid and its salts manifest a very peculiar deport 
ment ; there is formed a yellowish-green gas, hypo- 
chloric oxide, which is absorbed by the sulphuric 
acid, producing a yellowish-brown coloration : 

3 C10..0.K + 3 SO. { 3;g 

Potassium Sulphuric 

chlorate. acid. 

- 3 SO, { 31 + CIO.O.CIO. + C1'*0..0.H + H,0 

Acid potassium Hypochloric Perchloric Water. 

sulphate. oxide acid. 
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b) acids not containing oxygen, [hydraoids]. 

a) Their neutral salts are precipitated hy bariv/m 
chloride. 

11) Fluorhyd/rio acid. 

This acid is produced by the action of concentrated 
sulphuric acid upon metallic fluorides : 

Ca'F. + SO. { §;g = 2 HF + SO. | g | Ca' 

Calcium Sulphuric Fluorhydric Calcium 

fluoride. acid. acid. sulphate. 

and is chiefly characterized by its reactions with 
silicic anhydride and with silicates. In the condition 
of vapor as well as aqueous acid (especially in pres- 
ence of sulphuric acid) it decomposes with silicic 
anhydride, as follows : 



Si^^O. + 4HF = Si^^F, + 2 H.0 

Silicic Fluorhydric Silicic Water, 

anhydride. acid. fluoride. 



If the fluorhydric acid be employed for this reaction 
in the state of vapor, the silicic fluoride formed is at 
once evolved with the excess of fluorhydric acid ; if 
it be employed in solution, the following compound 
is formed: 

SiF, + 2HF = 2(HF).SiF, 

Silicic Fluorhvdric Silicofluoric 

fluoride. acid. acid. 

which remains dissolved in the water and, upon 
evaporation of the solution, decomposes into its two 
components and volatilizes. In the formation of 
gas^us silicic fluoride lies the explanation of the 
fact that vapors of fluorhydric acid will etch glass. 

b) Their neutral salts are not precipitated hy 
bariwn chloride. 



isa 
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12) CMorhydnc acid. 

Conceming tlie reactions of this acid with lead 
and silver salts, see under these salts. The metaliio 
chlorides, when treated to concentrated sulphnric 
acid, generate chlorhydric acid gas, which dissolves 
very easily in water, but is insoluble in concentrated 
sulphuric acid : 



so, {OH = HCI + SO.jOf^ 

Sulphuric 



NaCl _ ^^ 

XJoHiTdiio Add ndlnm 

BchL BulpliAte. 

Aqueous chlorhydric acid, or a solution of a metal- 
lic chloride acidified with sulphnric acid, yields 
chlorine npon being boiled with manganese dioxide 
and other hyperoxides : 

4 HCI + 2Mn"0, + 3 SO. j §"§ 

Ctalorhvdrta Manganeee Sulphuric 

add. dioxide. add. 



= 4 01 + 



SO, 



Chlorine. U&ngaiunw sulphmte. 

likewise by boiling with chromic acid : 
6 HCI + 3 Cr^O.-O + 3 SC 

OhIatliydilQ Chmmio 

Odd. anbTdifde. 



4H,0 



'.\%l 



eci + J, 



so, 
so, 
so. 



+ 6H,0 
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If, on the contrary, sodium chloride be fused with 
potassium dichromate, and the resulting product be 
treated to concentrated sulphuric acid, a very vola- 
tile, dark-red liquid is obtained, chromyl chloride : 

O' { fg^O:j':OK + 4 NaCl + 6 SO. { g;g 



Potassiuin di<diromate. Sodium chloride. Sulphuric acid. 

O.Na 
0.H 

Chromyl chloride. Acid sodium sulphate. 



= 2 (Cr^O,)'Cl. + 4 SO, I g;^' 



Acid potassium sulphate. Water. 

/ 

This chromyl chloride, mixed with water, yields a 
yellow solution, with simultaneous formation of 
chromic anhydride and chlorhydric acid : 

(Cr^O.)'Cl, + H,0 = Cr^»0..0 + 2 HCl, 

and this yellow solution remains yellow after the 
addition of ammonia (distinction from bromine). 

13) BromJiyd/rie acid. 

Metallic bromides manifest the greatest similarity 
to metallic chlorides in their chemical reactions, 
especially in their reactions with manganese dioxide 
and hyperoxides in general, chromic acid and sul- 
phuric acid. If potassium chromate be fused with a 
metallic bromide and the product of the fusion be 
treated to concentrated sulphuric acid, there results 
also in this case a brownish-red vapor which con- 
denses to a dark-red liquid, and is also dissolved by 
water, yielding a yellow-colored liquid ; but this 
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▼apor is pure bromine, and the aqueous solution of 
it is deooloiiiied by ammonia : 

4H.N + 3Br = 3NH«.Br + N 

Ammonia. Bromine. Ammonimn bromide. Nitarogen. 

This reaction, which [for bromine] takes place in the 
sense of the equation given for aqueous chlorhydric 
acid and chromic anhydride, is very well adapted 
for the detection of small quantities of chlorine in 
presence of bromine. 

If a metallic bromide be treated to concentrated 
sulphuric acid, bromhydric acid gas is evolved which 
fumes strongly in moist air ; at the same time a cer- 
tain quantity of free bromine is produced : 



2NaBr + 3 SO. { g;| = 2 SO. j g;g^ 



O.Na 
O.H 

Sodium bromide. Sulpburio acid. Acid sodium sulphate. 



+ 2 Br + SO, + 2H,0 

Bromine. Sulphurous Water, 

anhydride. 

Bromine is expelled from its combinations with 
hydrogen or the metals by free chlorine (see p. 7). 
Concentrated nitric acid generates with bromides 
reddish-brown vapors which are probably mixture j 

of nitrosyl bromide [ N'"0".Br ], tetrabromhypo- 

vlli 



w l^r: 



nitric oxide [ ( I ) ) ^r' ] ^^^ bronmitryl bro- 
mide [ N'0"Br,.Br ] : 

NO,.O.H + 3HBr = NO.Br, + 2 H,0 

Nitric add, Bromhydric acid. Bronmitryl bromide Water. 

[irO'Br,.Br3. 
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14) lodhyd/ric acid. 

The metallic iodides also display a great similarity 
to the metallic chlorides ; they react like the latter 
with chromic acid and hyi)eroxides. With concen- 
trated sulphuric acid they react like the bromides, 
i.e., iodine is liberated, though no iodhydric acid is 
formed. Concentrated nitric acid also liberates 
iodine: 

2 NO..OH + 2 HI = 2 I + NO,.O.NO + 2 H.0 

Nitric acid. Iodhydric Iodine. Hyponitric oxide. Water. 

acid. 

Nitrous acid acts just as nitric acid does, even when 
greatly diluted (distinction from bromine and chlo- 
rine): 

NO.O.H -f HI = NO + I + H.0 

Nitrous acid. lodhvc^ic Nitroeen Iodine. Water. 

acid. mononde. 

Both free bromine and free chlorine expel iodine 
from its compounds (see p. 7). If cupric sulphate 
be added to a solution of potassium iodide, cuprous 
iodide separates, and iodine is liberated : 




Fotasstnm iodide. Cuprio sulphate. Cuprous iodide. 



+ 2so.|g:| + I. 

Potassium sulphate. Iodine. 
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If ferroas sulphate be present at the same time, no 
iodine is liberated, but the ferrous oxide is conrOTted 
to ferric oxide : 



2 KI + 2 Cu' I g 1 



Cu' 



-( 


Fe"J 


8 so. 
8 «o. 




remnu 


Hilphato. 




/Pe" 


{{8 ^■ 


O.K , 

O.K + 




18 «o. 




\Fe" 


M8}«°. 



Cuprou* Iodide. 

15) Cya/nhydric aoid. 

The metallio cyanides and cyanhydric acid (pmssie 
acid) are closely related, in many respects, to the 
metallic chlorides, etc. The most important features 
of their general behavior and some special reactions 
have been already mentioned, so tlmt only the fol- 
lowing remarks need be made. Chlorine, bromine, 
and iodine do not liberate cyanogen from its com- 
pounds, but produce respectively cyanogen chloride, 
bromide, and iodide, often witii attendant intense 
brown coloration and total decomposition in other 
directions: 



The following two reactions are especially charac- 
teristic : if some solution of ferrous-ferric oxide 
(such as a mixture of ferrous sulphate and ferric 
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chloride) be added to a Uquid contaiiiing cyanhydric 
a<5id, and then sodium hydroxide solution be added 
in slight excess, a muddy precipitate is produced 
which dissolves in dilute chlorhydric acid, leaving 
fern-ferrous cyanide, Berlin blue, undissolved. The 
reaction evidently runs as follows : 

2 Fe,0,.3 FeO + 18 HCy = 4 FeC/,.3 FeCy. 

FeiTous-f errio oxide. Qyanhydric acid. Ferri-f errous cyanide. 

+ 9H.0 

Water. 

(for the rational formula of the Berlin blue, see 
under ferric oxide, p. 106.) 

If a solution of potassium cyanide be heated with 
yellow ammonium sulphide (polysulphide), the 
liquid rapidly becomes colorless, potassium sulpho- 
cyanate being formed. 

KCy + AmS.S.Am = Cy.S.K + Am.S 

Potassimn Ammonium disulphide. Potassium sulpho- Ammonium 
cyanide. cyanate. sulphide. 

The potassium sulphocyanate may be easily detected 
by evaporating the* liquid to dryness on the water- 
bath, thus expelling all ammonium sulphide, dis- 
solving the residue in water with the addition of a 
few drops of dilute chlorhydric acid and adding 
ferric chloride ; a blood-red coloration indicates the 
pifesence of potassium sulphocyanate. 

16) Sid^hydriG acid. 

The behavior of this acid as well as of the metal- 
lic sulphides has been already given in sufficient 
detail. Especially characteristic for sulphydric 
acid is its odor ; its power to blacken paper soaked 
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in lead or silver solutions (the surface of the paper 
assumes a metallic luster by this reaction) ; that it 
is inflammable, burning with a blue flame, yielding 
the odor of burning sulphur (sulphurous anhydride); 
that, in contact with many reducible compounds, it 
is decomposed with a separation of sulphur. 
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